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PREFACE TO THIRD EDITION 


In this edition we have deemed it advisable to substitute (i) a 
different method of preparation for Acetamide, (2) the preparation 
of Benzoic Acid for that of Benzhydrol by the Grignard reagent 
The explanation of the production of formic acid and allyl 
alcohol from glycerol and oxalic acid has been revised in accord- 
ance with recent work. Minor alterations have also been made 
in the text in various places in order to bring the subject matter 
up to date. 

We are indebted to Mr. J. C. Duff, M.Sc.^ F.I.C., of the 
Birmingham Municipal Technical School, for various suggestions, 

T. S. P, 

D. F. T. 

October^ 1921. 


PREFACE TO SECOND EDITION 


As stated in the preface to the previous edition, the primary 
object of this book is to provide a course of work in Organic 
Chemistry for evening students attending Technical Institutions 
with a view to working for the examinations of the Board of 
Education or for the B.Sc. degree. It has Jjeen a source of 
considerable satisfaction to hear from teachers and lecturers in 
other Institutions and Colleges in various parts of the kingdom, 
that the book has also proved useful for day classes, the students 
of which work under more favourable conditions than the average 
evening student The second edition does not materially differ 
from the first, but we hope that the changes which have been 
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made will further increase its general usefulness for day and 
evening students. 

The alterations are mainly of a minor character, the chief 
being the inclusion of the tests for maltose and of the diagrams 
of the osazones ; for the latter we are indebted to Dr. R, H. A. 
Plimmer, No tables have been given for the separation of 
mixtures of the commoner compounds, since, in case of necessity; 
the student should be able to devise methods by making use 
of the tests given in the book. 

It is with great pleasure we acknowledge the assistance 
received from our colleague Mr, W. Kussell, F.I.C, and from 
Dr. R. C. Farmer, of the Royal Arsenal, Woolwich, in the 
preparation of the manuscript, and from our late colleague 
Mr. A. W. T. Hyde, who drew the majority of the diagrams; 
especially are we indebted to Dr. Farmer for the main ideas of 
the scheme for the identification of an organic compound. 

For portions of the practical quantitative work in Part III, we 
are greatly indebted to Professor Alex. Findlay, of Aberystwyth, 
who allowed us to make free use of his "Practical Physical 
Chemistry” 

We have also to acknowledge the permission granted to us 
by the Chemical Society and the Society of Chemical Industry 
to reproduce the diagrams on pp. 195 and 163 respectively. 

T. S. P. 

D. F. T* 

BiRMiNCHAW, 

January^ 1914 . 



INTRODUCTION 


ARRANGEMENT OF SUBJECT MATTER 

In drawing up a scheme of work for practical organic chemistry 
three points have to be borne in mind, viz. (i) the compounds pre- 
pared should follow each other in logical sequence, (2) the easier 
preparations should come first, and {3) the tests for individual 
compounds, or groups of compounds, should come immediately 
after the preparation of those compounds. 

It is impossible, however, to comply satisfactorily with all 
three conditions at the same time, so that a compromise has to 
be made. 
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ORGANIC CHEMISTRY 

PART I 

CHAPTER I 

Determination of the Melting Point?-The temperature at 
which a substance melts is important, not only for the identifica- 
tion of the substance, but also as a test of the purity, since the 
presence of impurities nearly always causes a lowering of the 
melting point, and also renders it indistinct. 

For the determination the substance is, if necessary, reduced 
to a powder and introduced into a thin-walled glass tube of about 
I mm. diameter,* The tube, containing 
as much of the solid as will occupy, 
when closely packed, about one centi- 
metre of the lower end, is clipped by 
a narrow rubber band (cut from a 
piece of indiarubber tubing) to the 
side of a thermometer so that the 
portion containing the solid is against 
the bulb; the thermometer bulb is 
then completely immersed in a small 
beaker of glycerine, or strong sulphuric 
acid, which is heated by a small flame 
^Fig. i). As the temperature rises, 
the liquid in the beaker should be 
agitated by a glass stirrer, to ensure the 
temperature being the same through- 
out, At the instant the solid m^ts the 
thermometer is read, the reading giving ii-io. j, 

the melting point ; the more" slowly 
the heating is performed, the more accurate the determination. 

» Snch tubes are easily made by heating a dry test-tube in a bunsen flame, ana 
when soft, drawing it out to the correct diameter ; the long tube thus obtained 
U broken into lengths of about 6 ens., and each piece is sealed at one end. 

B 
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As a general rule, the same small quantity of substance should not 
be used for several determinations of the same melting point. This 
precaution is advisable for several reasons, eg. some substances 
undergo slight decomposition at their melting point, other substances 
separate from the molten state in an unstable crystalline form {cf. 
chloracetic acid, p. 43), while others on melting change to a greater 
or less extent into a dynamic isomer; an example of this Jast is 
thiourea, which on melting isomerizes to some extent into ammoniun 
thiocj’anatei These changes nearly always cause the melting point to 
be lower than that of the original substance ; it is 
obviously necessary, therefore, to use a fresh quantity 
of the substance for each determination. 

The beaker can with advantage be replaced by 

f i, a glass bulb with a fairly wide neck, as in Fig. 2, 
In this case the stirring can be dispensed with. 
The rubber band is also not required if the bulb of 
the thermometer is not wider than 
the stem, because when the latter 
is wetted with the liquid in the 
bulb the narjipw tube will cling to 
it by surface tension.^ 

A very convenient form of 
melting-point apparatus (Thiele's) 
is shown in Fig. 3.® It consists 
of a tube about 2 cms. wide and 
12 cms. long, to which a side 
tube of I cm. diameter is so 
fused that it connects the lower end of the main tube with the 
middle. In order to use it, just enough sulphuric acid is put into 

* The apparatus may be improved thus. A long tube of thin glass, of 
such diameter that it will slip easily into the neck of the bulb, is scaled atonf 
end, and as much of die heating liquid is introduced as will suffice for the 
complete immersion of the thermometer bulb. This tube is then fitted by a 
ring of cork into the neck of the glass bulb, so that the lower end reaches down 
into the liquid. The thermometer and the attached tube containing the sub- 
stance are then immersed in the liquid in this inner tube, and the heating is 
performed in exactly the same manner as before. By using this modification, 
the possibility of inaccuracy in the determination, due to local variation in the 
temperature of the Uquit^in different portions of the bulb, is almost completely 
removed. 

* The authors’ experience with this apparatus does not lead them to prefer 
it to the ordinary forms of apparatus. 



Fig. 2. Fig. 3. 
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Melting Prnnt Boiling Point. 

it b close the upper end of the Side tube;, the thermometer is 
placed so that the bulb is midwajr between the two openings of 
the side tube. On heating the tube at the point A, the sulphuric 
add begins to circulate in the apparatus in such a way that it 
passes downwards in the m^ tube. The thermometer then 
rises very steadily and uniformly. 

The apparatus works much more uniformly than any other 
apparatus in which there is not a mechanical stirring arrangement; 
the heating takes place 
rapidly, and is under 
complete control. If it 
is heated up quickly, the 
particles of substance 
remaining in the upper 
parts of the capillary 
melt first, owing to the 
direction in which the 
acid circulates, and this 
indicates when the tem- 
perature is approaching 
that of the true melting Fig. 4. 

point. The heating is 

then proceeded with very cautiously until the substance at the 
bottom of the capillary tube melts. 

The following substances might be taken for practice in the above 
determination : salol (43® C), m-dinitrobenzene (90® C), acetanilide 
(112® C.), urea (132® C.), bippuric acid (187® C.}, and phthalimide 
(238® C.). 

Note.— T he melting point of a substance is generally lowered by 
the {Presence of an impurity. It follows that if, for example, an unknown 
substance has been Identified as iw-dinitrobcnzene, mixing a little of 
it with ^dinitrobenzene itself should not aife^ the melting point of 
either. {Method mixed melting points.^'^ 

Determination of the Boiling Point. — If several cubic 
centimetres of the liquid be available, the most suitable apparatus 
to use is that representad in Fig. 4. A clean, dry, distilling 
flask (capacity r oz.) is about one-third filled with the liquid, and 
the neck is fitted with a cork carrying a thermometer j the bulb 
of the thermometer should reach just below the side tube, and 
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must not touch the walls of the nfeck. The side tube can, if 
necessary, be attached to a small condenser.^ 

The liquid is gently boiled over a small flame ; the thermo- 
meter column at flrst rapidly rises, but, if the liquid is a pure 
substance, soon becomes stationary ; the reading then gives 
the boiling point.^ If the boiling point does not appear fixed, 
but continues to rise slowly for several minutes, it is an indication 
that the liquid is not pure, or consists of a mixture of substances. 

For smaller quantities of liquids the apparatus can be modified 
as in Fig. 5. 

A fairly narrow dry test-tube is fitted with a cork, thermometer, 
and escape tube; It is advantageous to fit the tube, near the 
bottom, with a piece of asbestos cardboard. This protects the 
upper part of the tube from the hot gases rising from the flame 
(Fig. 5). The liquid is gently heated over a small flame, and 
the boiling point registered as above. 

For even smaller quantities of liquid— less than 1 c.c.— a third 
method is convenient (Siwolobofl). A small ignition tube is attached 
to a thermometer bulb, the liquid is introduced into the tube, and a 
small capillary' tube, sealed at about i cm. from the lower end, is 
placed in it (Fig, 6). The thermometer and tube are heated slowly 
in a bath of glycerine or sulphuric acid, until a regular stream of 
bubbles rises from the end of the capillary in the liquid. Then allow 
the bath to cool, stirring meanwhile, and note the temperature at which 
the stream of bubbles ceases ; this temperature is the boiling point. 

The boiling point as recorded by the above methods is gene- 
rally a little lower than the correct, partly because the mercury 
column of the thermometer is as a rule not completely immersed 
in the vapour, and partly because the standard boiling points are 

> For the distillation of ^all quantities of liquid, it is of great advantage 
to use the side tube of the flask as the inner tube of the condenser by fiftidg 
over it, by means of two bungs, a small outer jacket carrying two side 
tubes (see Fig. 4). It may be necessary to lengthen the side tube of the 
flask by fusing on to it a piece of glass tubing of the same diameter. Any 
trouble incurred in making this apparatus will be amply repaid by its use in 
later work. A small distiUing flask extremely suitable for use with small 
quantities of liquid can be made from any old distilling flask whose bulb has 
been broken. The neck is heated near the broken portion and the hUter is 
drawn off ; the nedc is then sealed up and a small bulb blown on the end. 

’ It is essential to this method that the flame should be as small as possible, 
because otherwise, the vapour easily becomes superheated. Even whw great 
care is taken^ the results are sometimes inaccurate fiom this cause. 
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Boiling Point Specific Gravity 

recorded under an atmospheric pressure of 760 mm., which* in 
most cases is greater than the ordinary pressure. 

The boiling point of water may be used as a check on the accuracy 
of the thermometer. In order to calculate the boiling point of water 



Fig. 5. Fig, 6, 


at pressures other than the normal, should be added, to or subtracted 
from 100® for every 27 mm. (approx.) above or below the pressure of 
760 mm. This correction holds only for small deviations from 760 mm. 

The boiling points of the following liquids might be determined for 
practice: ethyl alcohol (78*3® C), toluene (110*3® C.), broraobenzene 
(^ 55 ® C.), aniline (184® C), and nitrobenzene (209® C.). 

Specific Gravity of Liquids.—The specific gravity of a 
liquid is an important property, since not only can it be used, if 
necessary, for the identification of the liquid, but it is frequently 
used to test its purity (see the preparation of pure alcohol). 

To determine the specific gravity, the usual procedure is to 
find the relation between the mass of a volume of the liquid and 
the mass of an equal volume of water, the volume in each case 
being measured at 1 5®. The essential part of the apparatus, there- 
fore, is some vessel by which equal volumes of different liquids 
can be accurately obtained; this vessel is generally either a 
specific-gravity bottle or a pyknometer. 

Theie are two common forms of specific-gravity bottle-— 

(a) The one is a email flask with a narrow neck, on which a 
horizontal mark is etched. If the weight of water necessary to 
fill the flask has not previously been determined, the flask (previ- 
ously weighed dry) is filled roughly to the mark with distiUed 
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water, and immersed up to its neck in a bath of water at 15° 
it is allowed to stand for at least 20 minutes, when the level of 
the water is adjusted by means of a narrow dropping tube, so that 
the lower portion of the meniscus is at the level of the mark on 
the neck. The flask is then withdrawn from the bath, carefully 
wiped dry, and weighed. 

The flask is then emptied and carefully dried; the* liquid 
whose speciflc gravity is required, is introduced, and the above 
procedure repeated. 

Subtracting the weight of the flask from the two weighings, we 
get the weight of equal volumes of water and liquid at j5°; 
dividing the latter by the former, we get the required specific 
gravity, 

{b) The second form is a small bottle with a ground-glass 
stopper, which is perforated by a narrow hole. The procedure is 
exactly as above, except that the bottle is filled 
a ^ h with water or other liquid in such a way that 
the liquid completely fills the neck and the 
whole of the perforation in the stopper. This 
is ensured by filling the bottle with liquid 
below the temperature of the bath, inserting the 
stopper tightly, and immersing up to the neck 
in the bath. After standing for 20 minutes, 
the liquid which has expanded through the 
stopper is removed, the bottle carefully wiped, 
and weighed. 

The pyknometer in its simplest form con- 
sists of a bulb blown in .the centre of a bent 
piece of glass tubing of narrow bore ; the tubing 
is drawn out to a jet at one end, while on ^ 
other end is etdied a circular mark per- 
pendicular to the axis of the tube (Fig. 7). 
Attached to the pyknometer is a copper or platinum loop for 
suspension during weighing. The dried pyknometer weighed, 
and completely filled with liquid by inserting the end <1 in the 
liquid in a porcelain crucible, and sucking at b by means of 
a piece of rubber tubing, It is then suspended in a bath of 
water at 13°, so that only the extremities project above the 
surface^ When the liquid has reached the temperature of the 
bath, a piece of filter paper is placed against the tip b^ and, if 



Fio. 7. 
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Specific Gravity, Tests fer Elements 

necessary, the pyknometer is tilted till the liquid touches the 
paper; the liquid is cautiously withdrawn till the meniscus in the 
other limb is situated just on the mark; the pyknometer is 
then removed, wiped dry, and weighed. For very accurate 
work it should be allowed to stand in the balance case for 20 
minutes before the weighing is performed. 

From the results of two such experiments, one with the 
liquid and the other with water, the specific gravity is easily 
calculated. 

N.B.— In all the above methods, the weight of water .required to 
fill the flask or pyknometer obviously need only be determined once, 
and the result should be kept for use in future experiments. 

Frequently the specific gravity of a liquid is measured at 
other temperatures than 15^ In these cases, the pyknometer 
is filled with the liquid at the required temperature and the 
weight of the liquid obtained ; this weight is then compared with 
the weight of an equal volume of water at the standard tempera- 
ture (either 4“ or 15®) to obtain the specific gravity.^ Such 
specific gravities should have stated immediately after them the 
relative temperatures at which they were determined, for 
alcohol, 07901. 

Tests for the Elem0nts.—Ctfr^<?«.— The presence of 
carbon in a substance does not, as a rule, require any special test : 
the fact that a supposed organic substance on heating will burn or 
char is sufficient proof. In cases where the heating does not give 
any satisfactory evidence, the substance should be intimately 
mixed with finely divided dry copper oxide, and placed at the 
closed end of a hard glass tube, a layer of coarse, dry copper 
oxide being introduced into the tube above the mixture. The 
tube, clamped in a horizontal position, is then fitted with a 
delivery tube passing'into a test-tube containing lime water. The 
solid in the tube is raised to a dull red heat,iCommencing heating 
at the part nearest the mouth and slowly working back to the 
sealed end During this heating, the oxide of copper oxidizes 
any carbon present in the substance to carbon dioxide, which is 
detected by the lime water. Any deposit of moisture in the 
cooler parts of the tube at the same time shows the presence ot 
hydrogen in the substance ; this is only reliable when the copper 
oxide has been very carefully dried 

’ For great accuracy a correction should be made for buoyancy due to the 
^r(see Findlay’s "Practical Physical Chemistry,” 3rd edition, p. 27!. 
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Nitrogen.-^! ^ On heating most nitrogenous organic compounds 
with soda-lime, the nitrogen present is expelled as ammonia. 
The test is most satisfactorily performed by introducing an 
intimate mixture of the substance and soda-lime into an ignition 
tube, covering the mixture witha.layer of soda-lime and heating, 
beginning at the soda-lime layer and slowly proceeding down- 
wards towards the sealed end^ the evolved ammonia should be 
tested for by moistened litmus-paper. 

The most important classes of nitrogenous substances which 
do not respond to this test are the nitro bodies and azo 
compounds. 

2. A more delicate and trustworthy test, applicable to all 
compounds of ‘carbon containing nitrogen, is with metallic potas- 
sium or sodium. A little of the substance is introduced into a 
small ignition tube, and a piece of clean sodium or potassium of 
approximately the same weight added.' The mixture is heated 
in a bunsen fiame, gently at first, but more strongly afterwards, 
till all action has ceased, and no more fumes are emitted from 
the tube. After the lower part of the tube has become red hot 
and looks incapable of withstanding much more heating, allow it 
to cool somewhat, and then drop it into about 15 c.c. of water in a 
porcelain basin. (Great caution is necessary during this opera- 
tion.) The charred mass is stirred well with the water, and the 
aqueous extract filtered off, To the filtrate add a few drops of 
caustic soda solution, a little ferrous sulphate solution, and then 
one or two drops of ferric chloride solution. Shake the mixture 
well, warm gently, and then acidify with dilute hydrochloric acid. 
A precipitate of Prussian blue proves the presence of nitrogen in 
the origin^ substance. If the formation of Prussian blue is 
doubtful, filter the liquid, when the presence of any trace of blue 
colour is easily detected on the white filter-paper. 

The formation of the Prussian blue depends on the fact that * 
the nitrogen and carbon in contact with sodium combine together, 
giving sodium cyanide. The last-named substance, on the 
addition of ferrous sulphate, forms sodium ferrocyanide, which 
reacts with ferric chloride in the usual way (see p. 65). 

' If insufficient alka£ metal be used, a nitrogenous substance containing 
sulphnt will often yield a solphocyanide by the above treatment, and so the 
rest the above test will not be satisfactory. An excess of alkali metal 
prevents the formation of sulphocyanide, and the test proceeds In a normal 

maniiCT, 
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The EaJogens.’—i, The flame of a combustible substance 
containing a halogen is generally tinged with green. 

3. A delicate test, requiring very little substance, is Beilstein’s. 
A small piece of copper gauze (i cm. by 2 cms.) is wrapped round 
the end of a stout piece of copper wire. The gauze is heated in 
a bunsen flame till it no longer gives any green coloration ; 
oxidized gauze is then allowed to cool somewhat, a little of the sub- 
stance is placed on it, and it is again heated, first in the inner and 
then in the outer flame of the bunsen burner, A green coloration 
of the flame shows the presence of a halogen. This test is successful 
even with volatile halogen compounds such as chloroform or ethyl 
iodide ; it depends on the formation of the volatile copper halide.^ 

3. A secopd test for a halogen, which can also be used for dis- 
tinguishing between the three elements, is performed with sodium. 
A little of the substance is heated with an approximately equal 
weight of clean sodium, and the product extracted with water, 
just as in the nitrogen test. The filtered solution is acidified with 
nitric acid, and a little of it tested with silver nitrate solution. If 
nitrogen is also present in the substance, the liquid should be 
boiled with the dilute nitric acid for several minutes, in order to 
remove any hydrocyanic acid before the addition of the silver 
nitrate. To find which halogen is present, a little more of the 
acidified solution can be treated with a few drops of chlorine 
water, and the resultant liquid tested with starch solution, or 
extracted with carbon bisulphide. 

Sulphur.-^Tht best method for the detection of sulphur is 
to heat with sodium or potassium in the manner already described 
under nitrogen and the halogens. Sodium sulphide is formed. 
The filtered solution can be tested by placing a drop on a silver 
coin; or by adding dilute sulphuric acid, when, on warming, 
sulphuretted hydrogen is evolved (test with lead acetate paper). 
*The presence of sodium sulphide in the alkalin^ filtered solution can 
also be detected by the addition of a solution of sodium nitro- 
prusside, which gives a permanganate colour with an alkali sulphide. 
For this test the nitroprusside solution must be freshly prepared, 
because it rapidly deteriorates, with discoloration, on keeping. 

Note.— I n all the tests with metallic sodium, whether for nitrogen, 
halogen, or sulphur, if the substance is very volatile, a modification 
of the process is necessary. The ignition tube should be clamped in 

1 Urea, thiourea, and some pyridine derivatives give a stroi^ Bcilstein test, 
although halogens are not present, owing to the formation of cuprous cyanide. 
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an upright position, the sodium introduced, and heated till it be^ns to 
boil. The usual amount of substance is then added in small quan- 
tities (if a liquid, from a dropping tube), so that each time it falls 
directly on the sodium, the latter being reheated after each addition. 
When all the substance has been added, the tube is strongly heated ; 
the remaining procedure is as in the preceding descriptions. 

Phosphmis,—!, On strongly heating a compound containing 
phosphorus with an equal bulk of magnesium powder, some 
magnesium phosphide is formed. If the cooled mass be powdered 
up and moistened with water, the odour of phosphine will be 
observed. 

2 . If an organic substance containing phosphorus be fused 
with a mixture of equal portions of potassium nitrate and 
anhydrous sodium carbonate, the phosphorus will be oxidized to 
phosphate. Dissolve the product in water, acidify with nitric 
acid, and test for phosphate in the usual way with ammonium 
molybdate. 


Preparations— Preliminary Notes. 

Corks.— Whenever using apparatus for which corks are required, 
great care should be taken in choosing and boring the latter. The 
cork chosen should always be a sound one, and before boring it should 
always be well pressed ; good corks treated in this way are generally 
more suitable than indiarubber bungs. The latter are obviously 
unsuited for closing fiasks in which liquids like benzene or carbon 
bisulphide are to be distilled, because these liquids dissolve rubber; 
also indiarubber bungs should not be used for distillations at tem- 
peratures much above loo®, because they soften, and may even 
melt. 

Baiting Out.— In the preparation of substances appreciably 
soluble in water, it frequently happens that the substance is obtained 
mixed with a fairly large quantity of that liquid. This would evidently 
cause a considerable decrease in the yield, and so, whenever possible, 
the water is made to give up a great deal of its solute by. the process 
of ^‘salting out” 

It is a well-known fact that an electrolyte is generally less soluble in 
a solution containing a common ion than it is in pure water.^ In the 
preparation of sodium stearate (which is an electrolyte), the ^lution 
which is obtained i4lfreated with common salt ; this dissolves in the 
water, ani the solubility of the sodium stearate is thereby decreased 
to such an extent that most of it separates out from the soludon. 

^ See any modern text*book on physical or inorganic chemistry. 
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For solutions of non-electrolytes in water, the method of salting 
out is to add an electrolyte which is soluble in the water, but insoluble 
in the non-electrolyte j the latter then separates out, generally forming 
a layer above the surface of the aqueous solution of the electrolyte. 
Thus, if a mixture of alcohol and water be shaken with anhydrous 
potassium carbonate, the alcohol is salted out. Various salts can 
be us^d for the purpose, and their application can be seen in |he 
preparation of ethyl acetate, acetonitrile, aniline, etc. 

Socrystallization. — To purify a solid substance, the usual proce- 
dure is to make a hot concentrated solution, from which, on cooling, 
a large proportion of the substance crystallizes out, while the impurities 
remain to a large extent in the mother liquor ; by repeating the 
process as many times as may be necessary, the substance is obtained 
pure. As a rule, this operation need only be performed once or twice. 

It is generally necessary to filter the hot solution before allowing 
it to crj’stallize ; the filtration must be performed rapidly, in order to 
prevent cooling. A filter-paper, folded in the way illustrated in the 



Fig. ro. 


diagram (Fig. 8) greatly hastens the filtering (the paper is first doubled 
along the lines markei^ and then each section is doubled back at its 
centre in the opposite direction). If a small quantity of liquid is to be 
filtered, the folded paper is placed in an ordinary funnel, which 
preferably has had its stem cut short (Fig. 9) ; for filtering large 
^quantities it is necessary to use a funnel with a hot-water jacket, which 
keeps the solution hot, and so prevents it from crystallizing in the 
funnel and choking it 

Filtering under Heduced PreBsure.—In filtering off bulky pre- 
cipitates, the weight of the liquid is often insufficient to give a reason- 
able rate of filtration, and so the process is hastened by causing the 
pressine of the atmosphere to assist in forcing the liquid through 
the paper. In order^that the paper may wit||tand the pressure, it 
is placed on a fiat, perforated porcelain plate fitted in an ordinary 
funnel; or a Buchner funnel (Fig. 10), made especially for this 
purpose, may be used. The funnel is fitted into the neck of a stout- 
walled fiask with a side-tube, which is attached to a water-pump 
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by a piece of pressure tubing. When a filtration is to be performed, 
a filter-paper* is fitted carefully into the funnel to cover all the holes, 
the pump is set working, and the liquid is poured into the funnel. 

Extraction from Aqueous Elution with Ether.— When a 
substance soluble in ether is obtained in aqueous solution, a simple 
method of isolating the substance is to extract with ether. The 
pnpcess, however, is only rapid in the case of substances which are 
much more soluble in ether than in water. The extraction consists in 



Fig. II, Fig 12. 


shaking the aqueous solution with a suitable quantity of ether, when 
the dissolved substance divides itself between the ether and the water ; 
the mixture is then allowed to settle into two layers, and the upper 
layer of ether is separated from the aqueous layer ; the shaking and 
separation are most conveniently performed in a “ separating funnel ” 
(see diagram, Fig. ii^. The aqueous layer is again extracted severaF 
times more with fresh quantities of ether, when almost all the substance 
will be removed from the water ; three extractions are, as a rule, suffi- 
cient for ordinary purposes. The combined ethereal extracts are dried 
(p. 13), and the ether is distilled offi In order to avoid using too 
large a flask in the distillation, a small distilling flask should have a small 
tap funnel fitted into its neck by means of a cork ; a suitable quantity 

* Hardened filter-papers can he obtained which are especially suited for 
such work, since they can withstand a higher pre^ure than the ordinary papers, 
and the solid can easily be removed from them without being contaminated by 
paper fibre. 
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of the ethereal extract is placed in the flask, and the ether distilled 
from a water-bath ; as rapidly as distillation occurs, fresh quantities 
of the ethereal solution are run in from the tap funnel. When all the 
solution has been introduced, and no more ether distils over, the 
residue, if liquid, is fractionally distilled over wire gaure, the tap 
funnel being replaced by a thermometer ; if the residue is solid, it is 
recrystallized from a suitable solvent. ^ 

TOen small quantities of liquid have to be manipulated, the 
extraction is better performed in a test-tube ; the lower aqueous layer 
is then withdrawn by means of a pipette with a rubber tube attached 
(see diagram, Fig, 12). The passage of the liquid into or out of the 
pipette can easily be checked by pinching the tube. 

Other liquids can be used for extracting, the only necessary condi- 
tions being that the extracting liquid must be a solvent for the substance 
to be extracted, and at the same time must be practically insoluble in 
the other solvent. 

Drying the Prepared Substance.— If the substance obtained is 
a liquid, the dehydration is usually performed by the addition of a 
solid which will combine with water, but which is at the same time 
insoluble in, and without action on, the organic liquid. The drying 
agents which are most frequently used are fused calcium chloride, 
anhydrous potassium carbonate, anhydrous sodium sulphate, quick- 
lime, and caustic soda. Calcium chloride is not suitable for alcohols 
and amines, because it forms compounds with them. Potassium 
carbonate, quicklime, and caustic soda can be used for basic bodies, 
but not for esters or acidic substances. Sodium sulphate can be 
applied in practically all cases. 

If the substance is solid, the crystals are dried by pressing between 
absorbent paper or upon a porous tile ; most of the adherent moisture 
is thus withdrawn, and the remainder is removed by allowing the 
substance to stand for several days on absorbent paper or on a porous 
tile, exposed to air but protected from dust. The drying can be 
accelerated by the use of a vacuum exsiccator, 

Quantities and Yields. — In every preparation the student should 
^ calculate from the equation for the reaction the relative quantities of 
the substances theoretically required, and compare them with those 
actually used j in this way he will note some of the conditions essential 
for the achievement of success in the experiment. 

Also, after the completion of the experiment, the student should 
find the weight of the pure dry product. This weight should be com- 
pared with that which would be expected if the whole of the substance 
which was originally taken in the least proportion had been entirely 
converted into the phre product of the action. The “percentage 
yield,” calculated from the actual yield and the one which is theoreti- 
cally possible, should be entered in the notebook in each case. 
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Methane— Marsh Gas, CI^. 

This simplest of all hydrocarbons is most conveniently made 
by a general method for the preparation of saturated hydro- 
carbons. The sodium salt of the carboxy acid contmning one 
more atom of carbon than the hydrocarbon itself is made to 
react with caustic soda by heating, when a change takes place 
according to the equation— 

CaH2„^,COONa + NaOH = + Na^COj. 

For the actual preparation of the gas, pure caustic soda is 
not taken, since on account of its ready fusibility it rapidly 
attacks gla^ ; but* a much less fusible mixture of caustic soda 
with slaked lime, known as “soda-lime” is used. About lo 
grams of powdered anhydrous soiKum acetate' are taken and 
well mixed with 20 grams of dry soda-lime, by grinding together 
in a mortar; the mixture is placed in a hard glass tube (about 
9” X f'% sealed at one end, while the other end is fitted with a 
previously pressed and carefully bored cork carrying a delivery 
tube of the usual shape for collecting gases over water. The 
t^be containing the mixture is gently tapped to ensure a free 
passage throughout its length, and then damped so that the mouth 

the tube is slightly lower than the sealed end, while the* 
delivery tube passes to a pneumatic trough. The heating is 
then begun, first at the front of the tube, slowly moving backward 
as necessary. The evolved gas is collected in the usual way, 

* If a supply of aiJiydrotis sodium acetate is not available, the ordinaiy 
crystalline soBd can be dehydrated as follours. Place 25 grama xf the 
crystals on a tin tray and heat gently ; the crystals first dissolve in**their 
water of crystallization, but owing to the expulsion of the water the liquid 
soon sets to a solid again. The heating is continued till this solid once 
more mcltsy cm cooling, a solid mass of anhydrous sodium acetate is obtained, 
which is removed ftom the tray, and the 10 grams weighed out. 
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. Properties.— The gas is evidently only very slightly soluble in 
water. 

It burns with a feebly luminous flame. In reality the flame of pure 
methane is still less luminous, since the gas, as prepared above, con- 
tains impurities, especiafly acetone, which increase the brightness of 
the flame. 

A npxture of methane and oxygen, in the proportion of one volume 
to two, explodes vigorously when fired— ^ 

CH* -h 2O2 = CO3 + 2HA 

^ If methane be mixed with twice its volume of chlorine, and a light 
applied, a flame passes through the mixture, the gases reacting with 
the formation of hydrochloric acid and free carbon. If a similar 
mixture be exposed to bright sunlight, the same products are obtained 
with explosion— 

CH4-l-2Cl2 = C + 4Ha 

Preparation of Pure Alcohol (QH^OH) from Methylated 
Spirit, or Spirits of Wine. — The methylated spirit for this 
purpose must not contain added mineral naphtha; a sample of , it 
should remain clear on mixing with water. The chief impurities 
present are acetone, methyl alcohol, aldehydic substances, and 
water. If spirits of wine be taken, only the latter two impurities 
will be present. The acetone and aldehydic substances are 
removed by boiling with caustic soda, which converts them into 
non-volatile compounds ; the water is removed by treatment with 
quicklime. The methyl alcohol is not removed. 

Take a litre of methylated spirit in a tin can, and add approxi- 
mately 30 grams of caustic soda. Place the can in a bath of hot 
water, on the bottom of which are a few pieces of glass tubing, and 
boil the alcohol gently for an hour under reflux condenser, as in 
diagram (Fig. 13). The adapter in the neck of the can is then 
Replaced by a still-head, or suitably bent glass tube, the position of 
the condenser is altered, and the alcohol distilled off into a large 
bottle containing 500 grams of fresh quicklime.^ The residue in 
the can is rejected. The distillate is allowed to stand in contact 

^ In all such distillations it is not sufficient to merely insert the 'deHvery 
tube flom the flask loosely into the condenser ; it should be fixed there by a 
bored cork. If this precaution is omitted, the condensation of the vapour 
does not take place nearly so completely, because the jet of vapour then shoots 
strait down the condenser, carrying much air with it {ef. the action of a 
steoD injector), and the mixture teaches the other end of the condenser so 
rapidly that much of the alcohol is uncondensed. ' 
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with the lime for at least twenty-four hours (preferably much loiter), 
and is then distilled off, using a water-bath. During this distil- 
lation the 'boiling point of the alcohol should be registered by a 



thermometer fitted into the adapter, and should be constant (78’3® 
at 760 ram.). • ’ ^ 0'^ 

The ethyl alcohol thus obtained should be practically pure, 
except for a little methyl alcohol (if . methylated spirit was, 
originally taken), which will riot interfere in its use for most 
chemical purposes. ' 

To test if alcohol is absolute, ie, completely free from 
water and other impurities, &e specific gravity at 15® shpflld be 
measured as described on pp. 5, 6. From the specific gravity, 
a reference to the table in the appendix giveathe p^entsqge of 
alcohol. 

The alcohol obtamed by this trea^ent is never quite anhy- 
drous, but it may be considered so for all ordinary purposes. 
To remove the last traces of water, Special dehydrating agents, 
such as metallic calcium, are often used. 

The Determination of the Amount of AlcohSl in a 
Fermented Liquor.'—The alcoholic liquor is distilled and%e 
amount of alcohol in the distillate determined by a* measurement 
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of specific gravity*^ It is assumed in the experiment that 
all the alcohol has come over when two-thirds of the liquor has 
been distilled. 

Fill a 100 C.C. measuring fiask to the mark with a cheap winer 
and transfer the wine completely to a distilling flask, rmsing the 
wine clinging to the walls of the measuring flask into the distilling* 
flask wifh a little distilled water; add a sm£^ quantity of sodium 
carbonate to fix any volatile acid which may be present. Distil the 
liquid through a condenser till two-thirds of the contents of the flask 
have distilled over; transfer the distillate completely to the 100 c.c. 
flaskj rinsing out the last drops as beforq, and make up to 1 00 c.c. with 
distilled water. Determine the specific gravity of the dilute alcohol 
in the manner described previously ; from the specific gravity a 
reference to the spirit table in the appendix gives the amount of 
alcohol in the distillate, and therefore in 100 c.c. of the wine. 

FORMIC ACID, 

. H.COOH. 

The anhydrous acid is a colourless liquid at ordinary temperatures, 
with a pungent and characteristic odour ; very corrosive, and attacks 
the skiq. The solid acid melts at 8*6^ and the liquid boils at ioo‘6®. 
Miscible with water and alcohol in all proportions. 

llie iiprmates are readily soluble in water, with the exception of the 
silver, mercury and lead salts, which are sparingly soluble, 

]. Heat the solid formate with sodadime. Hydrogen is evolved. 

H.COONa + NaOH s^NajCOj + Hj. 

2, To a little of the solid formate contained in a mortar add a few 

drops of strong sulphuric add, and grind up the mixture with a pestle. , 
The characteristic pungent odour of formic acid will be perceived. • 
The same odour is obtained by warming a formate with dilute sul- 
phuric acid. • 

H.COONa + HjSO^ = NaHSO* + H.COOH, 

3. Formate^ qr formic acid, are decomposed on being gently 
wanned with strong sulphuric add, carbon monoxide, which may be 

1 In the case of an alcoholic liquor containi^ appreciable quantities of 
volaflle add (acetic), eg, a soar mne, the above procedare would give a 
distillate containing both the rlcobol and the acid. In order to avoid this, the 
measured qouitUy of add liquor is carefully neatiaiized by the addidon of 
a solndon of caustic soda before disdlktion, tiring tnimerlc pape^ as indicator. 
The distillate then i^tains only the alcohol, the apiount of whi^ is determined ‘ 
ih the manner described above, * 
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burnt at the mouth of the test-tube, being evolved ; no charring takes 
place, and no carbon dioxide is evolved {cf, oxalates). 

H.COONa + HgSO* = HXOOH -1- NaHSO*. 

H.COOH - H,0 = CO. 

^ 4. Mercuric chloride^ on boiling with formic acid, or formates, is 
reduced to white mercurous chloride, and this becomes further reduced 
to grey metallic merdhry, if the formate is in excess. In the case of 
formates the reaction goes best if a few drops of hydrochloric acid are 
added to liberate the formic acid. 

aHgCla + H.COOH = HgaCIg + COj + 2HCI. 

HgaCIa + H.COOH = 2Hg + COj + 2HCI 

5. Silver nitrate gives a white precipitate of silver formate with 
strong solutions of formates, or with free formic acid. On standing 
for some time, or quickly on warming, the silver formate is reduced to 
grey metallic silver, 

H.COONa + AgNO|> = H.COOAg.+ NaNO,.. 

2H.COOAg = H.COOH -h COj -i- 2Ag. 

The final result is— 

H.COOH + 2AgN08 = 2Ag -h CO3 + 2HNO8. 

Note,— A mmoniacal solutions of silver salts are also reduced, 

6. Ferric chloride'^ gives a red coloration with neutral solutions 
of fpnnates. The red colour is. changed to yellow by hydrochloric acid. 
On boiling the red solution a kown basic formate is precipitated.** 

4 . 

FeCl5 + 3H.COONa = 3NaCl + (H.COO)3Fe. ^ 
(H.COO)sFe + 2 HjO = Fe{OH\{H.QOO) + 2H.COOH. 

7. On warmiing formic acid, or a fprmate, with concentrated sul- 
phuric add apd ethyl alcohol^ ethyl formate is produced, and can be 
detected by its characteristic pleasant odour, 

H.COONa -i- HjfSO^ = H.COOH + NaHSO,, 

H.CpCfH -f CaHeOH = H.COOCjHe + 

In reactions of this kin<f the sulphuric acid (i) liberates the formic 
add ; (2) acts as a dehydrating agent, and thds enables the formation 

^ 'Kie OTdinary soludon of ferric chloride b strongly acid, because of 
hydrolysis: ^ FeClj -f 3H,b Fe{OH), + 3HCI. Before use add very 
dilute ammonia until the predpitate just redissolves, or, better still, the solution 
diould be saturated with freshly predpitatwi ferric hydrate, ^ 

* The precipitation of a basic salt on boiling b due to the fact that a 
rise in temperature increases very considerably the- l^drolylic action of 
water. ^ 
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of the ester to proceed to a greater extent than it otherwise would do, 
since the reaction is a reversible one ; ^ (3) accelerates the formation 
of the ester by acting catalytically.^ 


ACETIC ACID, 
CHj.COOH. 


The anhydrous acid is known as “ glacial acetic acid ” j it Is an 
ice-like solid, melting at 167'’, and boiling at The liquid, of 

specific gravity 1*049 at 20® C., is colourless, possessing a pungent 
odour, and attacks the skin as formic acid does. Miscible with 
water, alcohol, and ether in all proportions. The vapour burns with 
a pale blue flame. The normal acetates are soluble in water. On 
ignition they give off inflammable vapours, consisting chiefly of 
acetone ; the residue contains the base as carbonate, oxide, or mctalT 

2CH8.COONa = NaaCO, + CHs.CO.CH,. 

1. To a little of the solid acetate contained in a mortar add a few 
drops of strong sulphuric acidy and grind up the mixture with a pestle. 
The characteristic odour of acetic acid will be perceived.* The same 
odour is obtained when an acetate is warmed with sulphuric acid,’ 
either dilute or strong, since sulphuric acid does not decompose acetic 
acid. 

CH3.C00Na + H3SO4 = CHgXOOH -f NaHSOv ^ ^ 

2. Silver nitrate gives a white crystalline precipitate of 
acetate with concentrated neutral solutions of acetates. There is no. 
reduction on heating {cf* formates), 

CHj.COONa -i- AgNOg = CH3.COOAg + NaNO,. 

3. Ferric chloride gives a red coloration with neutral solutions of 

acetates. The red colour is changed to yellow by the addition of 
hydrochloric acid. On boiling the red solution a brown basic acetate 
is precipitated out, the smell of acetic acid is noticed, and the solution 
becomes colourless. v 

SCHsCOONa + FeCl, = (CH8COO)3Fe + 3NaCL 

(CH3COO)3Fe -f aHjO = (CH8COO)Fe(OH)3 + 2CH3COOH. 

* 

^ In a reversible reaction, if one of the products of reaction is removed as 
fast as it is formed, the reacti9ii will proceed to completion. 

* Compare the preparation of ethyl acetate, 

* At the same time as this test is carried out the corresponding one for 
formates should be r^>eated, so that the different odours of the two ad^ will 
be made evident 
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4. On warming acetic acid, or an acetate, with concmtraied suU 
pkuric add and ethyl alcohol^ ethyl acetate is produced, and can be 
detected by its characteristic pleasant odour. 

CHj.COOH + CgH.OH = CH5.COOC2H, + HjO. 

c 5. On heating a mixture of a dry acetate with a small quantity of 
arsenicus oxide^ the extremely obnoxious odour of cacodyl t^xide is 
produced* 

SCHs-COONa + As^Og = 2As2(CH8)40 + 4CO2 + 4Na2C08. 

Note. — Cacodyl oride is extremely poisonous, so that this test 
should only be carried out on a small scale. If the 6nger is held over 
the mouth of the test-tube during the heating, and then put to the 
nose, the smell will be very evident. 

6. Acetates, unlike formates, do not reduce mercury salts^ 


FORMALDEHYDE, 


H.CHO. 

Formaldehyde is a gas with a peculiar pungent odour. It is readily 
soluble in water, and a 40 per cent, solution comes into the market as 
a disinfectant and antiseptic, and is known as formalin, 

1. Readily polymerizes, with the formation of paraformaldehyde 
(or trioxymelkylene), which compound is left as a white solid on 
evaporating down some of the formalin solution on the water bath. 

2. An ammoniacal solution of silver nitrate is reduced by formal- 
dehyde, the silver being deposited as a mirror on the sides of the test- 
tube. In order to obtain a good mirror, the test-tube should be 
previously cleaned with caustic soda, nitric acid, and distilled water 
respectively. If the tube is not clean, a brown precipitate of silver is 
produced ; or, if a mirror is formed, it is very imperfect. The test- 
tube should be heated in a beaker of boiling water, and not with the 
direct flame of the*bunsen burner. 

H.CHO -h AgjO = H.COOH + 2Ag. 

3. Schig^s reagent is coloured pink by formaldehyde. With very 
dilute solutions the colour develops slowly. [Schiflf's reagent is pre- 
pared by decolourizing a solution of fucksitte (rosaniline hydrochloride) 
by the careful addition of sulphurous acid.] In carrying out the test 
the solution should not be warmed, otherwise SOj may be driven off, 
and thus cause the pink colour to appear. 

4* On oxidation With potassium bichromate and sulphuric acid, 
formic acid is produced. 

A solution of 10 grams of sodium (or potassium) bichromate in 
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100 c»c. of I ; 3 (by volume) sulphuric acid may be used for the oxida- 
tion, The formaldehyde is mixed with an excess of this solution in a 
small distillation ilask. The mixture is allowed to stand for a few 
minutes and then distilled. The distillate will contain the formic acid 
produced by oxidation of the formaldehyde. Neutralize with sodium 
hydrate or sodium carbonate,^ and test for a formate in the usual 
mannes, - * 

5. Fehlin^s solution (see p. 233) is reduced, cuprous oxide being 
precipitated. 


ACETALDEHYDE, 

CH3.CHO. 

Colourless liquid, possessing a peculiar and very characterisdc 
odour. It is very volatile, boiling at 20'8®. Mixes with water and 
alcohol in all proportions. 

1. Ammoniacal silvernitrate is reduced on warming with acetalde* 
hyde, a silver mirror being produced {cf. formaldehyde). 

2. Acetaldehyde restores the pink colour to Schijps reagent. 

3. On shaking up with a cold concentrated solution of sodium 
hydrogen sulphite^ a crystalline precipitate of an additive compound 
is produced. The aldehyde may be regenerated by warming with 
sodium carbonate solution. 

CH3.CHO + NaHSOs = CHs.CH(0H)S03Na. 

4. On wanning with a strong solution of caustic soda, acetaldehyde 
gives a yellowish-brown mass (aldehyde-resin). 

5. Fehlin^s solution reduced, (Note that aromatic aldehydes 
do not reduce Fehling’s solution readily.) 

METHYL ALCOHOL, 

CHjOH. 

Methyl alcohol is a colourless mobile liquid, boiling at 66®. It 
is miscible with water in all proportions, with evolution of heat. 
With anhydrous calcium chloride it forms a crystalline compound, 
CaCl2.4CH30H. 

1. Methyl alcohol is indammable, burning with a pale blue, 
smokeless dame. 

2. Methyl alcohol is readily oxidized to formic acid. 

* In carrying out the neutralization, it is convenient to add a small piece of 
Utiaus-paper to the solution. 

* The solution of sodium hydrogen sulphite should be saturated with 
sulphur dioxide before use. 
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Carry out the oxidation and distillation as described under test 4 
for formaldehyde. The distillate will cimtain the formic acid produced 
by oxidation of the methyl alcohol, together with small quantities of 
fortoalddbyde (and acetaldehyde, if ethyl alcohol was also present) 
which may have been fonned» Neutralize with sodium hydroxide or 
sodiumrcaibonate,* and boil for a short time to drive off the aldehydes. 
Then carry out the usual tests for formates, as given on pp. I7ri8, 

The oxidation of the alcohol takes place in stages, according to the 
equations— 

CHjOH + O + HgO. 

H.COH + 0 s^jl.COOH. 

3. On warming methyl alcohol with a few drops of strong mlphuric 
acid and a salicylate^ methyl salicylate (oil of wintergreen) is produced, 
which h^ail^cteristic odour. 

4. ^ipy^fcohol does not give iodofortn reaction. (Distinc- 
tion alcohol.) 

No'N^Commercial methyl alcohol often contains acetone, which 
gives the iodoform reaction. 


ETHYL ALCOHOL, 

QHfiOH. 

Ethyl alcohol is a colourless mobile liquid, boiling at 78*3®. It is 
miscible with water in all proportions, with evolution of heat. 

1. Ethyl alcohol is inflammable, burning with a pale luminous 
flame. It is not necessary that it should be anhydrous before it will 
bum. 

2. On warming ethyl alcohol with strong sulphuric add and an 
acetate, the characteristic fruity odour of ethyl acetate will be perceived. 

C,HjOH -1- CH5.COOH = CHj.COOCjH 5 + HjO. 

3. Add a little iodine solution (5 gms. iodine + logms. KI in 250 c.c. 
water) to an aqueous solution of ethyl alcohol ; then add caustic soda 
solution drop by drop till the colour of the iodine nearly disappears. 
Warm to about 80® and then cool. A yellow crystalline precipitate 
of iodoform is produced ; if the alcohol solution is very dilute, pre- 
cipitation only takes place after standing for some time, but the 
characteristic odour of the iodoform will be observed. 

CjHaOH + 4lj -h 6KOH = CHI3 + 5KI -h H.COOK -1- sHgO. 

NOTE.~Other substances besides ethyl alcohol, eg, acetaldehyde, 
acetone, lactic acid, isopropyl alcohol, give the iodoform test j methyl 

la carrying out the neutralization, add a pio:e of litmus paper to the 
solution. 
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alcol'io!) ethyl ether, acetic acid, and normal propyl |^lohoI do not 
respond to the test, 

4, On oxidation with potassium bichromate and sulphuric acid,, 
ethyl alcohol g^ves acetaldehyde, and not acetic acid. 

Carry out the oudation and distillation as described und6r test 4 
for formaldehyde, (The characteristic odour of acetaldehyde will be 
perceivjed before the distillation is carried out, especially on warminj^ 
slightly.) The distillate is tested for aldehyde by means of Schiff's 
reagent, and the reduction of an ammoniacal silver solution. (See tests 
for aldehyde, pp. 20-21.) 

Potassium Ethyl Sulphate, CsH^OSOaOK. 

The group C2H5 behaves in many ways like a metal atom, and 
will replace the hydrogen of acids forming “ e^gi^kthus, .if 
alcohol and sulphuric acid are heated together, ^p^^wdrogen 
sulphate is obtained, which compound is most convmet^^olated 
as the potassium salt — 

C2H5OH + H3O 

46 98 

As the equation shows, the sulphuric acid reacts with approxl-' 
mately half its weight of alcohol, but as there are several side- 
reactions (such as the formation of ethylene and ether) in which 
alcohol is lost, it is advantageous to take an excess of al^hol. 

Take 100 c.c. (r, 80 grams) of alcohol in a half-litre flask, 
and pour carefully into it 40 c,c. {c. 70 grams) of concentrated 
sulphuric acid. Heat for an hour under reflux condenser on the 
water-bath, and then allow to cool. Pour the cold liquid into $00 
c.c. of water, contained in a large porcelain dish (or enamelled 
basin), and stir into it precipitated chalk, a little at a time, till 
no further effervescence occurs (70-80 grams will be required). 
The excess of sulphuric acid is thus precipitated as calcium 
sulphate, soluble calcium ethyl sulphate remaining in solution. 
The mixture is filtered through a Buchner funnel, using a filter 
pump, the residue being washed three times with small quantities 
of hot water. The calcium in the filtrate and washings is then 
precipitated by the careful addition of a concentrated solution 
of potassium carbonate (excess must be avoided) until th&super- 
ncUant liquid is just alkaline. Collect the calcium carbonate, 
wash three times with hot water, and then evaporate the com- 
bined filtrate and washings on a water-bath till a drop will 
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crystallize ^Jien withdrawn on the end of a cold glass rod ; it is 
then allowed to cool, and the potassium ethyl sulphate crystals 
are filtered off, and dried between filter-paper or on a porous 
tile. A second less pure crop of crystals can be obtained by 
further evaporation of the filtrate. The yield should be about 
45 grams. 

Potassium ethyl sulphate is a deliquescent crystalline solid 
It is veiy soluble in water, but insoluble in alcohol or ether. 

Hjrdrolyais.— A fresh solution of potassium ethyl sulphate does 
not respond to the ordinary sulphate test with barium chloride solu* 
tion, but on boiling with a little dilute hydrochloric add, hydrolysis 
rapidly takes place, with formation of alcohol and potassium hydrogen 
sulphate.^ 

Placem fw grams of the potassium ethyl sulphate in a small 
fiask, adil^o c.c. of dilute hydrochloric acid, and boil for about ten 
minutes with a reflux condenser ; distil over about one-third of the 
liquid, when, alcohol can be tested for in the distillate and sulphate in 
the residue— 

CgHfiKSO* + HjjO = CaHgOH + KHSO^. 

It should be noted that caustic alkali solution is far less effective 
than dilute add for die hydrolysis of the salts of ethyl sulphuric add ; 
in iact, the addition of a small quantity of alkali to a solution of a salt 
of ethyl sidjAuric acid increases the stability of the latter, 

. ,(CgH5)20. 

When ethyl alcohol is heated with an equal bulk of strong 
sulphuric acid, the alcohol (ethyl hydroxide) loses water and 
forms ether (ethyl oxide). The mechanism of the process will be 
cxplainedlater; at present it may be represented bythe equation-— 

3 (iH,OH - H .0 = (C,H,) 20 . 

Carefully add loo c.c. of strong sulphuric acid to loo c.c. of 
alcohol with constant shaking and cooling, and place the mixture 
in a 500 C.C. distilling flask. Fit the flask with a doubly bored 
cork ; through one hole of this pass the stem of a tap funnel, to 
which is attached a glass tube ^ of such length that,, when the bung 
is in position, it will reach down under the liquid ; the other hole 
is fitted with a thermometer, which should dip into the liquid in the 

The glass tube most be firmly wired on, or else it will fall off during the 
prepantion. 
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flask. The flask is then fitted with a condenser * (die longer the 
’better) and carefully heated over a sand-bath or wire gauze. When 
the temperature of the liquid approaches 140° the liquid will 
begin to boil, and from this point alcohol should be run into the 
flask from the tap funnel as fast as the liquid distils, the tempera- 
ture bqing maintained at about 140®; this should be continued 
till about 150 c.c. more alcohol have been added.® 

The distillate containing ether, alcohol, water, and some dis- 
solved sulphur dioxide, is placed in a separating funnel with about 
50 c.c. of dilute caustic soda solution and shaken; the alkali 
solution is then run off from below, and the ether is again shaken 
with 50 c.a of saturated salt solution ; the latter is then run off. 
The ether thus freed from the sulphur dioxide and most of the 
alcohol and water, is poured into a flask and allowed to stand 
several hours over about 20 grams of fused calcium chloride, in 
order to dry it ; after this it is poured off from the calcium chloride 
into a distilling flask and carefully distilled from a bath of warm 
water (at about 45®). The distillate will be fairly pure ether, 
and should distil over at 35®. 

To obtain ether absolutely free from alcohol and water, it 
requires further treatment with metallic sodium (see p. 147), but 
for all ordinary purposes the above product will prove satisfactory. 

Pure diethyl ether boils at 34’6°, and has a specific gravity of 
0*7^0 at 15®. At 17® it is soluble in water to the extent of i part 
in 11*5 of water. 

Mechanism of the Etherification of Alcohol.— Ethyl hydrogen 
sulphate probably plays an extremely important part in the prepara- 
tion of ether from alcohol and sulphuric acid. The action of 
the acid was once supposed to be a simple dehydrating one, but this 

^ For condensing the vapour of very volatile liquids, such as ether, double- 
surface condensers are especially efficient ; they will condense as completely 
as ordinary condensers of about three times their length, and they are far 
less clumsy, 

’ In all distillations of ether, care should be taken to keep all flames as far 
as possible from the receiver, since the liquid, on account of its volatility, will 
often catch fire from a flame at a distance, Since ether vapour is very heavy, 
it flows about on the surface of the bench ; a barrier of dusters round the 
burner, therefore, greatly assists in keeping the vapour away from the flame. 
It is also advisable either to wrap a duster round the neck of the receiver, or 
to fit the latter to the condenser by means of a two-holed cork, from the second 
hole of which a tube leads over the side of the bench to carry off uncondensed 
vapour. 
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is obviously a fjJsc idea, because water distils over with the ether ; 
also the sulphuric add will convert many times its own volume of 
alcohol into ether, and probably would convert much more still, except 
for the fact that secondary processes lake place with formation of 
sulphur dioxide ; if the action were simply dehydration, we should 
expect it to stop as soon as the acid had abstracted water from a small 
amount of alcohol. « 

The action of etherification probably consists of two stages. In the 
first, the alcohol forms ethyl hydrogen sulphate as described in the 
previous preparation, and this then reacts with more alcohol, forming 
ether and regenerating sulphuric acid, 

QHjHSO* + CaHgOH = (CaHsXP + HaSO,. 

Tht sulphuric acid is thus free to form more ethyl hydrogen sulphate, 
and so the cyde of actions proceeds, 

A conffitoation of this theory^lies in the fact that the sulphuric 
acid can with advantage be replaced by benzene sulphonic acid, 
CjHgSOgOH, which will convert more alcohol into ether than sul- 
phuric acid itself. In this case ethyl benzene sulphonate is first formed, 
and then reacts with alcohol, giving ether and free benzene sulphonic 
acid once more. 

CeH.SOgOH + CaH.OH = C,U,SO,OC,U, + H^O 

QH^SOaOCaH, + CaH^OH = CsH.SOaOH + 

Ethyl Acetate, CH3COOC2H5. 

Theory ^ — When an alcohol is allowed to stand in contact_|pth 
any add an ester is formed, but as these esteis are hydrolyzed 
by water, the water formed in the reaction prevents the process 
becoming complete, and the esterification stops before all the 
alcohol or acid has been used up; the equation is therefore 
represented by — ^ ^ 

CHa.COOH + QH5OH CH8.COOC2H5 + HaO. 

In whatever ptoportions the alcohol and acid be |^en, the 
final concentrations of the four substances, when equilibrium is 
reached, are such that— • 

Cone, (acid) x cone, (alcohol) = const, x cone, (ester) 

X cone, (water) 

If equimolecular proportions of acetic acid and ethyl alcohol 
are taken, the final equilibrium is reached when two-thirds of 
each is esterified ,When an alcohol is expensive, it is advisable 
to make use of the principle expressed in the above equation, 
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and get a higher percentage of it esterihed by inaeasing tlie 
proportion of acid \ conversely, we can get a higher percentage 
of an expensive add esterified by increasing the proportion of 
alcohol. Another method of obtaining a better yield is to 
introduce into the mixture more or less anhydrous sulphuric or 
hydrochloric acid \ these exert a catalytic effect, and cause the 
final equilibrium to be reached more rapidly j they also increase 
the .percentage of ester obtained, in that their dehydrating action 
diminishes the reverse hydrolysis and consequently causes the 
esterification to approach more nearly to completion. 

Method of Procedttre,^‘FTOTa the equation above it is clear 
that the theoretical proportions of acid and alcohol necessary are 
6o grams to 46 ; as both are cheap, there is no great advantage In 
increasing very largely the relative amount of either of the reagents. 

Mix carefully 25 c.c. of absolute alcohol with 25 c.c. of con- 
centrated sulphuric acid, and heat the mixture in a distilling fiask 
fitted with condenser, by means of an oil-bath. Have fitted into 
the neck of the flask a tap funnel, and when the oil-bath reaches 
140*^ allow a mixture of 75 c.c. of alcohol with 75 c.c, glacial 
acetic acid to flow slowly in, at about the same rate as ethyl 
acetate distils. When all the mixture has been added, shake the 
distillate well with about 20 c.c. of strong sodium carbonate 
solution, to remove the acetic acid which is present. After a 
fei^^inutes, remove the sodium carbonate solution (bottom layer) 
by means of a separating funnel, and shake the ethyl acetate 
with a solution of 30 grams of calcium chloride in 30 c.c., of 
water, in order to abstract the alcohol present. Again separate 
the two layers, and allow the ethyl acetate to remain over- 
night st^ding over a few lumps of anhydrous calcium chloride. 
The ethyl acetate is then poured off into a dry flask, a thermo- 
meter is 'fitted into the neck, and the liquid distilled on a water- 
bath; th(p‘ portion coming over between 74° and 79° being 
practically pure, . The yield is 80 per cent, of the alcohol and 
acid taken. To further purify the product, it may be redistilled, 
and the fraction from 76° to 78° collected separately.* 

Pure ethyl acetate is a colourless liquid, boiling at 77*5° ; its 
specific gravity is 0*907 at 15°. 

Hydrolysis of Ethyl Acetate. — Place in a small fiask about 10 c,c. 
of ethyl acetate, add roughly 75 c.c. of caustic soda solution (10 per cent.), 

» The above method docs not give an absolutely pure product. For best 
method of purification, see Wade, Trans, Chem, I 905 > 1668. 
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and boil under reflux condenser over wire gauze for half an hour.' 
At the end of this time the odour of the ester should have almost 
disappeared, the liquid in the flask now containing ethyl alcohol, 
sodium acetate, and excess of caustic soda. Distil off a quarter of the 
liquid through a condenser— the distillate will contain the alcohol j 
add to it 10 grams of anhydrous potassium carbonate and shake ; by 
'this means the alcohol is salted out, and forms a separate layer on the 
surface of the aqueous solution of the carbonate* Draw of the alcohol 
by a pipette, and prove its identity by a boiling-point determinaUon 
and any of the tests on pp. 22-23. 

To the residual liquid in the flask add dilute sulphuric acid till the 
liquid is strongly acid ; again distil, when the disdllate will be an 
aqueous solution of acetic acid ; identify by odour and suitable tests 
(or the residue in the flask may be neutralized by dilute nitric acid 
and the tests performed on this solution). 

Detection of Hydroxyl Groups.— The most convenient method 
for detecting the presence of alcoholic hydroxyl groups in an organic 
compound depends on the formation of some ester, frequently the 
acetate, the usual reagents being acetyl chloride or acetic anhydride. 
For the illustration of the method proceed as follows. 

Take 10 c.c. amyl alcohol, add 10 c.c. acetyl chloride * or acetic 
anhydride, and boil for about 15 minutes under a small reflux con- 
denser ; if acetyl chloride is used, the boiling should be performed 
in a fiime-chamber. After the 15 minutes have expired, allow the 
liquid to cool, pour into water, and stir well ; an oil smelling of 
pear-drops separates on the surface.* Pour the mixture into a small 
tap funnel and run off the water from below. Shake the liquid tgain 
with about 15 c.c. of dilute sodium carbonate solution, and once more 
run off the lower layer. The ester— amyl acetate — is then poured 
into a test-tube and dried by the addition of a lump ef fused calcium 
chloride ; when dry (gentle warming will hasten this), it fe poured into 
a small distilling flask and its boiling point noted. The boiling point 
should be 139® 

Proceeding in the above way with an unknown substance, the 
formation of an ^cetic ester not only proves the presence of an 
alcoholic OH group, but the boiling point of the ester formed provides 
an important step towards the actual identifleation of the original 
alcohol. 

Note.— P rimary and secondary amines also give acetyl derivatives 
in a similar way, but in this case the substances formed are generally 

' The addition of a small fragment of porous tile (about the size of a pea) 
will obviate trouble caused by irregularity or bumping in the boiling. 

* Amyl acetate is almost insoluble in water ; in the case of esters of lower 
molecular weight, salt solution should be used in place of water, to prevent the 
ester dissolving, and so being lost 

* The reaction is very vigorous with acetyl chloride* Proceed carefully. 
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solids ; also it is not difficult to distinguish between an alcohol and an 
amine before the acetylation is performed. 

Ethyl Iodide, 

This ester is most conveniently prepared by the action of 
iodine on alcohol in the presence of phosphorus^; the latter 
first fortes iodide of phosphorus, and this reacts with the alcohof 
.if the latter be present in excess, giving phosphorous acid and 
ethyl iodide. 

SQHeOH + PI3 = + H3PO3. 

If only the theoretical' quantity of alcohol be present, only 
two-thirds of it is converted into ethyl iodide, hydriodic acid and 
monoethyl phosphorous acid also being formed. 

3C2H3OH + PI, = 2CAI + HI + 

Evidently, therefore, it is important to use an excess of alcohol. 

Place 5 grams of amorphous phosphorus in a small flask, pour 
on to it 40 grams (50 c.c.) of absolute alcohol, and add slowly in 
small portions, widi constant shaking, 50 grams of powdered 
iodine. The addition of the whole of the iodine should take 
\ hour, and the flask should be cooled occasionally during this 
process. Fit the flask with a reflux condenser, and allow it to stand 
for at least 4 hours (preferably overnight). Then heat the flask 
on a water-bath, gently boiling the contents for ij hours. Distil 
off from the water-bath through a long condenser (or a double- 
surface condenser). The distillate consists of ethyl iodide mixed 
with some alcohol, and contains a little dissolved iodine; it is 
shaken with an equal bulk of dilute sodium carbonate Solution, and 
the lower layer of ethyl iodide, which should now be colourless, is 
separated by means of a tap funnel; it is again washed with water, 
separated off, and dried by standing a few hours over some lumps 
of anhydrous calcium chloride. The impure ioJide is then poured 
from the calcium chloride into a small dry distilling flask, a 
thermometer is placed in the neck, and the liquid is distilled off 
on a water-bath; the portion distilling between 69° and 73® should 
be collected separately. Yield c, 50 grams. 

Pure ethyl iodide is a colourless liquid, boiling at 72 ’3®; it 
it has a specific gravity of 1*943 

* Tot preparation on a large scale, the best method is that given by James 
Walker {yirurn. Ckem,^ Sot, Trans. ^ 1892, 61 , 7 * 7 )) to which the student 
should refer. See also Hunt, 1920, 117 , 592, 
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Hydrolyais.— On boiling a lUUei ethyl iodide with a dilute 
aqueous caustic potash solution under a Teflux condenser, hydrolysis 
occurs, and the products (ethyl alcohol an.d potassium ^iodide) may 
be separated in the same way as with eth yl acetafe. * ' 

If an alcoholic solution of caustic potash be used fordhe hydrolysis, 
potassium iodide and ethylene are obtained. 

CaHJ + KOH = -}- KI + HjO. ' 

Ethyl Bromide, CsHcBr. 

This ester is conveniently prepared by the direct Interaction 
of the alcohol and acid in the presence of sulphuric acid,^ The 
sulphuric acid, which is taken in excess, plays a part similar to 
that in the preparation of ethyl acetate, and in addition serves 
to liberate the hydrobromic acid from the potassium salt taken — 

KBr « KHSO4 + HBr 

119 gS 

CgH^OH + HBr^QHjBr + HgO 

46 81 

In order to esterify the more expensive hydrobromic add as 
completely as possible, an excess of the cheaper alcohol is taken. 
In a half-litre distilling flask mix 50 grams (27 c.c.) of concentrated 
sulphuric acid and 30 grams (approx. 40 c.c.) of absolute alcohol. 
Place the flask on a sand-bath, flt its side tube with a double- 
surface condenser, and attach to the end of the latter an adapter, 
so that any distillate may be collected below the surface of a 
suitable quantity of water placed in the receiving flask. Introduce 
into the distilling flask 50 grams of coarsely powdered potassium 
bromide, Cork the flask and heat carefully ; the mixture begins 
to boil and the ethyl bromide collects in oily drops under the 
water in the receiver (care must be taken to keep the receiver as 
cold as possible). The heated mixture must not be allowed to 
froth over into the* condenser. When no more oily drops distil 
over, the distillate is poured into a separating funnel and the 
lower layer of ethyl bromide separated off; it is then shaken in 
the funnel with an equal bulk of weak sodium carbonate solution, 
agam separated, and once more shaken with water. The ester, 
which is now milky (due to moisture), is placed in ^ corked flask 
and dried by standing with calcium chloride till clear ; it is then 
poured into a distiUmg flask, a long condenser is attached, and 

^ For a close investigation of the practical details of this preparation, see 
Weston, Chem. Soc, Trans, ^ 1915, 107 , 1489 ; and Holt, 1916, 109 , i. 
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the ester is heated gently on the water-bath. The fraction distilling 
at 35® to 40® is ethyl bromide. Yield f. 35 grams. 

Pure ethyl bromide is a colourless liquid, boiling at 38*4®; its 
specific gravity at, 15° is i'45o. 

Hydrolysis.— Garry out the hydrolysis on a small scale, as with 
ethyl iodide, V' * 


. ' CHa 

ethylene, | 

GHa : 

j If the elements of water are abstracted from an alcohol, an 
un^turated hydrocarbon is formed with the higher alcohols 
mere heating is often sufficient to cause the dehydration, but 
with the lower ones the addition of sulphuric acid is also 
necessary. The reaction then takes place in two stages, the 
ethyl hydrogen sulphate first formed being decomposed at the 
high temperature into ethylene and sulphuric acid. 

QHjOH -f HaSO^ = CsHjHSO* + HgO. 

C 2 H 5 HS 0 ,«C 2 H 4 +H 2 S 04 . 

However, the sulphuric acid soon begins to char and oxidize 
the alcohol, and some sulphur dioxide and carbon dioxide are 
evolved with the ethylene. 

(a) Preparation of Ethylene Dibromide, CHaBr.CHaBr. 
—Mix 12 grams (15 c.c.) of alcohol with 75 grams (42 c.a) of 
strong sulphuric acid in a litre flask. Place the latter on a sand- 
bath and fit the neck with a three-holed bung, one^^ole of which 
is occupied by a thermometer, the second by a dropping funnel, 
and the third by a right-angle delivery tube. To the stem of the 
dropping funnel attach a glass tube * drawn out at the lower end, 
of such a length that the jet readies into the liquid. Attach the 

‘ The sulphuric acid can with great advant^e be replaced by phosphoric 
acid, when the ethyl dihydrogen phosphate first formed decomposes into 
ethylene and phosphoric acid. 

CjHjH 2 P 04 = C,H,-|-H3P0,. 

The alcohol is merely drepped into syrupy phosphoric acid heated to 200° in 
a distilling fiask ; in this case no charring takes place, and a small quantity of 
phosphoric acid will convert an indefinite quantity of alcohol ; the action can 
he continued for several days. See Newth, Jot&n, Ckm, Soc. Trans. ^ 1901, 

79,91s- 

* See note, p. 24. 
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delifery tube, by means of a piece of rubber tubing, to a pair of 
bottles, the first being empty, to act as a trap in case of the liquid 
in the large flask frothing over, the second being a wash-bottle 
of caustic soda solution, to. remove any sulphur dioxide and 
carbon dioxide from the gas evolved. Then arrange for the 
gas to bubble through two test-tubes, the first containing 5 ex.) 
the second i c.c. of bromine, in each case covered with a layer of 
water;* these should be kept cool in a trough of cold water. 
To the latter of these tubes attach a U-tube of soda-lime, to 
prevent the bromine fumes from escaping into the air. . 

Having made sure that all the joints’ are gas-tight, heat the • 
flask on the sand-bath !o 165®, when a brisk evolution of gas 
commences ; a mixture of 60 c.c. of alcohol with 55 c,c, of con- 
centrated sulphuric acid {U, a pre^rtion of roughly i : a by 
weight) is allowed to run slowly from the A-opping funnel 
(keeping the latter stoppered if necessary) through the long tube, 
and so is introduced under the surface of the hot liquid. The 
action is continued, keeping the temperature constant, till the 
bromine is reduced to a pale yellow colour. The impure 
ethylene dibromide is poured from the tubes into a sm^Il 
separating funnel, shaken with an equal bulk of dilute caustic 
soda solution, and run off from below the aqueous layer, which 
is rejected. The dibromide is returned to the funnel, shaken 
with water, and the lower layer, which is milky from the 
presence of moisture, is run off into a flask and dried over 
calcium chloride ; when dry, it is poured into a small dry flask 
and distilled^ The fraction between 130° and 132® ia practi- 
cally pure. 

Ethylene dibromide is a colourless liquid, boiling at 13 1® to 
132®, On cooling in ice, it freezes to a crystalline mass, which 
melts at 8®. The specific gravity of the liquid at 15® is 2*189. 

• # 

It is important as being the usual source of glycol. To obtain 
this substance, the ethylene dibromide is first boiled with dry potas- 
sium acetate, when ethylene diacetate is formed; this, on boiling 

, * Indiarubber bungs should not be used with thebromihe tubes, but well- 
pressed corks which have been sotUced in paraffin wax. If larger quantities of 
bromine are to be converted into’ethylene dibromide, the spedUl bottles made 
fo;. the purpose are most suitable ; in these, the bubbling tube, the exit tube, and 
the stopper are all blown to make one piece of glass, which is ground to fit into 
the neck of the bottle. The use of these bottles precludes any dai^er of 
impurities being introduced into the ethylene dibromide from the cork. 
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a soiudcm of caustic aHcidi, is Itydri^nd to ^ycol and an lAkali 
salt of acetic acid, 

(CHaBr)j-^{CHaOCOCH,)j-> (CH^OH)!. 

{b) Sbeperimenta with Ethylona GaB.—Afler the decolorization 
of the bromiae in the previous experiment, from the same apparatus^ 
several pylmders and a 250 c,c. flask should be filled over water wth 
ethylene gas. The ftdlowing tests should then be performed 

1. The gas bums with a bright luminous flame ; the flame is observed 
more easily if water is poured into the cylinder as the gas bums. 

2. Mix mie volume of ethylene with two volumes of chlorine an 4 
apply a light. The; mixture bums with a red flame, giving a copious 
liberation of soot; the chlorine combiner with the hydrogen and 
liberates the carbon. 

. QH, + 2CI3 = 4HCI + 2C. 

‘ 3. Mix equal-volumes of ethylene and chlorine in a cylinder, and 
allow the mixture to stand over brine. The volume of the mixed gases 
gradually decreases on account of the formation of ethylene dichloride 
as small oily drops. 

CsH4 + Cla tr 

Pour I c.c. of bromine into the 250 c.c. flask of ethylene ; insert 
the stopper and shake well The colour of the bromine disappears 
and ethylene dibromide is formed as a colourless liquid. On opening 
the flask under water, the disappearance of the ethylene is apparent. 

CjH^ + Bfj = C2H^Br^ 


Acetaldehyde, CHs.CHO. 

When ethyl alcohol is carefully oxidized, acetaldehyde is 
formed — 

CH^CHjOH + 0 - CH,.CHO + E,0. 

The oxidation is usually carried out with a mixture of sulphuric 
add and potassium bichromatfljH A gram molecular weight of 
the latter substance (294 grams) contains 3 atomic weights of 
available oxygen, and so should be capable of oxidizing 13$ 
grams of alcohol. In practice an excess of alcohol is taken. 

Fit up an apparatus as illustrated in the ^diagram (Fig. 14), 
taking great care that all the joints aip air>tight. A large flask 
(capacity to 3 litres) is placed in a bath of cold water and 
fitted with a reflux condenser by means an adapter. Tt» top 
<rf the condenser is attadied by a glass bend to a loo c.c. pipette, 
which reaches down to the bottom of a 4-oz. flask arranged 
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wasK'bottle fashion ; this flask is connected with a second similar 
flask fitted in the same way, both flasks sending in a glass dish. 

The reservoir of the condenser is filled with water at 25® to 
jo"", which is allowed to run slowly through the condenser. 
The small flasks are both half filled with dry ether, and ice is 
placed in the dish to keep them cool. Into the large flask are 
introduced 120 grams of potassium bichromate broken into 
small pieces {not powd€r\ and then a well-cooled mixture of 480 
grams of water, 160 grams (90 c,c.) of strong sulphuric acid, and 
120 grams (150 c.c.) of alcohol is slowly added through the tap 



funnel. An action soon conamences, and considerable heat is 
evolved as the oxidation proceeds, the liquid becoming green. 
All vapours are returned to the large flask by the condenser, with 
the exception of the aldehyde, ^ich passes on and is dissolved 
by the ether. When the reaction slackens, it is aided by gently 
warming the water-bath until the water just boils. When the 
action has ceased, the flasks containing the ethereal solution of 
aldehyde are disconnected from the condenser, and dry ammonia ' 
gas is carefully passed down the pipette into the flasks, which are 

* This can be easily made by gently wanning a concentrated solution of 
ammonia and drying the evolved gas by passing it through a tower 01 U~tttbe 
cpntaining quicklime, 
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still kept cooled, till no more ammonia is absorbed ; the compound 
— aldehyde-ammonia — separates in white crystals, and should be 
qulcWy hUeted on the pump, washed with a little ether, and dried. 
A further deposit of crystals may be obtained on keeping the 
mother liquor. Yield of aldehyde-ammonia c. 30 grams. 

To^ obtain pure aldehyde the ciystals are dissolved in ati 
equal weight of water, and dilute sulphuric acid added; the 
mixture is then distilled from a water-bath, which should be 
slowly raised to boiling, through a double-surface condenser, 
the distillate being collected in a receiver cooled in ice. The 
distillate is poured into a distilling flask, and half its bulk of 
anhydrous calcium chloride is added ; the flask is then tightly 
corked, the side-tube stopped, and the whole allowed to stand 
for a few hours. The dry aldehyde is then distilled oflT from 
the calcium chloride on a bath of water at 30®,* again taking 
care to condense the vapour as completely as possible. 

Pure acetaldehyde is a colomless liquid, boiling at 20*8°. 
Its specific gravity at 15® is 0*789.^ 

* Id almost all cases it is necessary to remove a liquid from the dedccating 
agent before distillation, because the temperature at which the latter occurs is 
often such as would drive off the water from the desiccating agent j 
anhydrous sodium sulphate, which is often used for drying liquids, will not 
retain water above 32’ 5". In the above distillation the temperature is so 
bw that the hydrated caldum chloride is not affected. 

* In larger quantities, acetaldehyde is more conveniently and cheaply 
obtained by the catalytic dehydrogenation of etbyl alcohol in contact w'ith 
finely divided metallic copper at about 300® 0., 

CH3 .CHjOH = CII,.CHO- 1 -H„ ^ 
or by the catalytic hydration of acetylene by leading this gas into an acidic 
aqueous solution of mercuric sulphate. 

CH:CH + H ,0 = CII,.CH 0 . 
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Acetone, CH3.CO.CH 3. 

Acetone is a colourless liquid, havin^ a pleasint and characteristic 
odour. It is miscible with water and alcohol in all proportions. It 
boils at 56*5®. It does not form a compound with calcimn chloride, and 
use is made of this in the separation from methyl alcohol. 

1. Acetone gives the iodoform reaction. The test is carried out in 
exactly the same way as with ethyl alcohol 

loddform is also produced when iodine 2sA ammonia are used. The 
solution of acetone is made alkaline with ammonia, and then a solution 
of iodine in ammonium iodide is added carefully until a black precipi- 
tate of nitrogen iodide is formed. On warming, the black precipitate 
goes into solution and iodoform crystallizes out 

Note. — Ethyl alcohol does not give iodoform with iodine and 
ammonia. 

2. On being shaken up with a concentrated solution of sodium 
bisulphite^ acetone yields a crystalline addition product acetalde- 
hyde). 

3. Acetone does not reduce ammoniaeal silver nitrate. 

4. Acetone dissolves precipitated (yellow) mercuric oxide. 

Make a solution of mercuric chloride alkaline with caustic soda 
or Potash in excess, and then shake up with a little acetone. Filter 
till clear, acidify the filtrate with hydrochloric add^ and add stannous 
chloride solution. A white or grey precipitate denotes the presence 
of mercury, which^has been taken into solution by the acetone. 

Acetoxime, (CHa)aC:NOH. 

Hydroxylamine is a useful reagent for aldehydes and ketones, 
since it forms crystalline compounds with these substances; the 
resulting compounds are termed oximes, e.^. acetone gives 
acetoxime— ^ 

CH,.CO.CH, + NH,OH = CH,.C(NOH).CH, + 1 * 1 , 0 . 

< According to this equation, 58 grams of acetone require 69*5 
grams of hydroxylamine hydrochloride ; 40 grams of caustic soda 
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are necessary to liberate the hydroxylamine. In order to ensure 
as complete comrersion of the hydroxytamine as possible, a slight 
excess of the acetone is used. 

Dissolve 7 grams of hydroxylamine hydrochloride in 15 cx. 
of water, and add a solution of 4 grams of caustic soda in i c.a of 
water ; to the mixture add 8 grams (10 c.c.) of acetone, and allow 
to stand 24 hours in a closed flask. During this time the oxime 
will separate out The contents of the flask are mixed with ether, 
shaken, poured into a separating funnel, and the ethereal extract 
separated ; the aqueous residue is extracted twice more with ether. 
The combined ethereal extracts are poured into a distilling flask, 
and most of the ether is distilled off; the remainder is poured 
into a porcelain dish and allowed to evaporate in the air, last 
traces of ether being expelled by warming on the water-bath at 
about 50®. Recrystallize from petroleum ether. The melting 
point of the pure substance is 60®. 

Hydrolysis of Acetoxime.— Oximes are readily hydrolyzed by 
dilute mineral acids. Distil a mixture of a little acetoxime with dilute 
sulphuric add, using a small distilling flask, and a short condenser. 
The oxime is hydrolyzed to acetone and hydroxylamine. The 
presence of the former in the distillate can be detected by the iodo- 
form reaction ; the presence of the latter in the residue Is shown 
by its reduction of Fehling’s solution. 

Chloroform, CHCV 

Chloroform is most conveniently prepared by the action of 
bleaching powder on acetone; the mechanism of the action 
appears to be that the bleaching powder yields its chlorine to 
form trichloracetone, which is then hydrolyzed, by the calcium 
hydroxide remaining, into calcium acetate and chloroform, 

CH,.CO.CH, + 3CIa = CH,.CO.CCl,1- 
aCH^CO.CCIj + Ca(OH), = (CH^COOXCa + zCHCI^ 

Grind 150 grams of fresh bleaching powder to a paste with 
water, and rinse it into a two-litre flask, using about 400 c.c. 
of water. Fit the neck of the flask widi a reflux condenser 
(double surface), and add 60 c.c. of acetone. Place a trough 
of cold water bandy, shake the flask to agitate its contents, 
warm gently if necessary (by immersion in hot water), and as 
soon s» ait action starts, moderate it by cooling in tiie cold water. 
When the action has ceased, alter the position of die condenser 
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and distil the contents of the flask through it till a sample of the 
distillate collected in a test-tube contains no drops of a heavy 
liqmd. Shake the distillate with an equal bulk of dilute caustic 
soda solution in a separating funnel, and run off the lower layer 
of chloroform. Dry by allowing to stand in contact with a few 
pieces of calcium chloride, and then redistil from a water-bath, 
noting the boiling point. The fraction distilling at a constant 
temperature of 6i® is the chloroform. Yield e, 6o grama 

For anaesthetic purposes chloroform is prepared by the action of 
bleaching powder on ethyl alcohol ; chloral is supposed to be first formed, 
and subsequently to undergo hydrolysis by the calcium hydroxide. 
Prepared by this method, the chloroform contains a small quantity of 
ethyl chloride, which increases its value as an anaesthetic. The yield, 
however, is not so satisfactory as that obtained from acetone. 

CHjCHjOH + 4CI2 = CClgCHO + 5HCI. 

2CCI9CHO + Ca(OH), s: 2CHCi3 + (HCOO)8Ca. 

Chloroform is a colourless, heavy, oily liquid (sp. gr. 1*501 
at 15^ possessing a peculiarly sweet odour, and boiling at 6r2^ It 
dissdves readily in alcohol, but only to a very slight extent in water 
(enough to give the water a sweet taste), Beilstein’s test shows the 
presence of a halogen. 

1. Chloroform does not burn unless it is very strongly heated. On 
mixing with an excess of alcohol, it burns, the borders of the flame 
being tinged with green. 

2. Chloroform dissolves io<Um^ giving a violet solution. (Alcohol 
gives a brown solution.) 

3. Chloroform is decomposed by warming with zinc and dilute 
sulphuric acid The solution then reacts with silver nitrate^ giving a 
precipitate of silver chloride. Chloroform itself does not react with 
silver nitrate. 

4. On boiling with alcoholic potash solution^ chloroform gives 
potassium chloride "h-nd formate, which can be tested for in the usual 
manner after neutralizing the solution. 

CHCl, + 4KOH = H.COOK + 3KCI + 2HaO. 

5. When heated with, alcoholic potash andd»s//f»^, chloroform gives 
the extremely unpleasant and characteristic smell of phenyl isonitrile. 
(Isonitrile or carbylamine reaction.) 

CHQ, + 3KOH = CjHjNC + 3Ka + 

Note.— O nly very $maJl quantities should be used in carrying out 
this test, otherwise the (^our is overpowering. . 
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CMoral Hydrate, CClj.CHCOH),. 

Chloral hydrate forms colourless crystals, which melt at 57®, and boil 
at 96^-98®, with decomposition into chlo^ and water. It possesses 
a peculiar sharp smell. Soluble in water and alcohol. It is readily 
dehydrated by means of strong sulphuric acid. 

1. If chloral hydrate is warmed with cam tic potash or soda solution 
it is decomposed, giving chloroform (recognized by its odour), and 
potassium formate. 

CCl3.CH(OH)3 + KOH = CHCIs + H.COOK + HaO. 

If the chloral hydrate solution is very strong, the chloroform 
separates out in oily drops and makes the solution appear milky. 

2. Ammoniacal silver nitrate is reduced, with the formation of a 
silver mirror. 

3. Chloral hydrate gives the carbylamine reaction (phenyl isonitrile) 
exactly as does chloroform (see test 5, for chloroform). 

4. On boiling with zinczxA dilute sulphuric acid^ a chloride is 
formed, which responds to the test with silver nitrate (see test 3, for 
chloroform). The presence of a halogen may also be detected by 
Beilstein’s test (p. 9). 

Iodoform, CHI,. 

Iodoform crystallizes in the form of hexagonal yellow plates, which 
are insoluble in water, but soluble in alcohol and ether. The melting 
point is 120®. It possesses a characteristic odour. An alcoholic 
solution is readily decomposed by light. 

1, Heated in a dry tube, it melts, and at temperatures above its 
melting point it partly decomposes, giving off iodine. (Hydriodic 
acid is also given off, but its presence is masked by the iodine.) 

2. On boiling with alcoholic potash^ potassium iodide and formate 
are formed, and may be tested for in the neutralized solution {cf, 
chloroform). 

CHIj + 4KOH = H.COOK + 3KI + zHgO. 
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Palmitlo Add, CisHsiCOOH* crystallizes from alcohol—it is 
insoluble in water— in the form of white needles, which melt air 62^ 
The melted acid gives a greasy stain to paper. The alcoholic 
solution reddens litmus, and discharges the colour from pbeno- 
phthalein which has been turned just red by the addition of a drop 
of caustic soda solutioih It is soluble in caustic soda (forming a soap), 
but, by the addidon of hydrochloric acid^ it is precipitated again as 
a docculent solid ; if the temperature of the solution is higher than 
the melting point of palmitic acid, the acid separates out in the form 
of oily drops, which rise to the surface of liquid. All soluble 
palinitates behave in this manner with hydrochloric acid. 

Steario Acid, C^HjoCOOH, behaves similarly to palmitic add. 
It melts at 69®. 

Gleic Acid, CnHjsCOOH, is a Uquid at ordinary temperatures 
(m. pt. 14^ and is distinguished &om palmitic and stearic acids by 
the fact that it is unsacu rated. It decolourizes bromine and reduces 
alkaline permanganate {cf. allyl alcohol, p. 59). 

Preparation of Stearic Acid, C17H35COOH. — The 
common fats are generally mixtures of esters, in which the 
alcohol is glycerol, and the acid either stearic, palmitic, or 
oleic ; the more oily the fat, the more glyceryl oleate is present, 
since this ester is liquid, while the glyceryl esters of stearic and 
palmitic acids are solids. 

Mutton suet consists chiefly of glyceryl stearate with smaller 
quantities of the otSier two esters. The process of hydrolysis can 
be performed in the usual way by boiling with a solution of 
caustic alkali, when the trihydric alcohol— glycerol — is liberated 
and the sodium salts of the acids remain in solution. The 
sodium salts can be made to separate from the solution by the 
addition of common salt, the presence of which lowers their 
solubility ; the sodium salts of ^e above acids prepared in this 
way constitute ordinary soap, and so tl^e proc^ of hydrolysis is 
frequently spoken of as “ saponification.” 

(C„H*COO)iCiH, + 3NaOH = 3C«Ha^COONa + C,H,(OH),. 
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Tq obtain pure stearic acid brocn the impure acid resulting 
when the soap is treated with a mineral acid, the mixture of 
&ee acids is extracted with hot alcohol to remove any oleic 
acid, and is then further purified by fractionjil recrystallization 
of the free acid, or by fractional precipitation as the magnesium 
salt. In both cases the stearic acid is less soluble dian the* 
impurities, which therefore, for the most part, remain l^hind in 
the mother liquors. 

Method.^OiX. up half a pound of suet into small pieces, 
tie them in a piece of muslin, and put into a beaker containing 
500 C.C. of boiling water ; the fat soon melts, and on pressing, 
passes through the muslin, leaving the animal membrane behind. 
Pour the fat and water into a clean iron water-bath, and add one- 
fourth of a solution of 50 grams of caustic soda in 500 c.c. of 
water ; boil gently, with frequent stirring, adding the remainder 
of the caustic soda solution in three separate portions at intervals 
of 15 minutes. Continue the boiling for a total period of two or 
three hours, replenishing the water as fast as it boils away, till at 
last all the fat has been decomposed. Pour the liquid into 
beaker, allow to cool somewhat, and stir well into it 150 grams 
of finely powdered common salt ; the soap will separate and rise 
to the surface; when quite cold it should be filtered off and 
washed with a little water. Take 100 grams of the above soap, 
dissolve in hot water (500-1000 c.c.), and to the solution add an- 
excess of a mixture of concentrated hydrochloric acid with an 
equal bulk of water. The liberated fatty acid rises to the surface 
as an oil, and Solidifies on cooling. The mass of fatty acid is 
separated from the water, boiled for a short time with 100 c.c. of 
alcohol, allowed to cool, and filtered. It is dried by absorbent 
paper, and weighed. If the melting point of the acid be now de- 
termined, it will be found to be much below 69®, ^showing that the 
stearic acid is still far from pure. The weighed mass of acid is 
dissolved in hot alcohol, and one-fifth its weight of magnesiunr 
acetate is added in hot alcoholic solution; the precipitate should 
consist of practically pure magnesium stearate. When cold, the 
solid is filtered off and well drained on the pump* It is then 
boiled; widi excess of ^lute hydrochloric acid till the magnesiam 
salt is decomposed, and, after cooling, the stearic acid is filtered 
off. Finally, it is j|^stallized from alcohol, and, after careful 
drying, its melting ^it is taken. Pure stearic acid melts at 
69®, and so the purity of the sample will be thereby tested* 
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If the acid is not pure, and a pure sample be required, repeated 
recrystallizations of the acid from alcohol, or further fractional 
precipitation of the acid as magnesium stearate, should be 
performed. 

Monochloracetio Acid, CICH2.COOH. 

Chlorine acts on acetic acid only in the presence of a 
“chlorine carrier,” such as sulphur or iodine; sunlight also has 
a catalytic accelerating effect. The first product of the action is 
the monosubstituted acid — 

CH3.COOH + Cla = CHaClCOOH 4 - HCl 

If an excess of chlorine is used, the substitution of the second 
and even of the third atom of hydrogen occurs. 

The equation shows that 60 grams of acetic acid yield 94*5 
grams of monodiloracetic acid ; consequently, in the preparation, 
chlorine gas is passed into hot glacial acetic acid, containing 
about 10 per cent, of sulphur, till the proper increase in weight 
has occurred. 

Place in a small flask a mixture of 100 grams of glacial acetic 
acid with 10 grams of sulphur, and weigh; place the flask on 
a boiling water-bath, fit the neck with a doubly-bored cork, one 
hole of which is fitted with an adapter attached to a reflux con- 
denser, while the other is fitted with a glass tube reaching down 
into the liquid. Pass chlorine gas steadily into the mixture 
through the glass tube.* The whole apparatus should be situated 
so as to be exposed to as bright sunlight as possible. The 
absorption of the correct quantity of chlorine will probably 
require at least six hours. The flask should be weighed occa- 
sionally to see how far the reaction has proceeded. When the 
increase in weight is 50 grams, the liquid should be decanted 
from the sulphur into a distilling flask, and distilled over wire 
gauze through an*air condenser. The first part of the distillate 
contains acetyl chloride, sulphur chloride, and unchanged acetic 
acid. The fraction distilling from 150® to 190® is collected 
separately in a beaker, and should solidify on cooling. The 
liquid is drained oflf from the solid, the latter is redistilled, and 
the fraction between 180® and 190® collected; this consists of 

* The chlorine gas can be most convetuentlyma de by "flowing concent, ated 
hydrochloric add to drip slowly from a dropping on to potassium per- 
manganate crystals, contained in a fiask, and bobbul^^e evolved gas through 
a bottle containing a little strong sulphuric add. 
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practically pure cWoracetic acid. The yield varies from 75 to 
100 grams. 

Monochloracetic acid is a colourless crystalline solid; it boils 
at 185-187®, 


CHLORACETIC ACIDS 

Monochloracetic Acid, CH3CI.COOH, forms colourless crystals, 
which are deliquescent, soluble in water, and melt at 62*. If the 
molten substance is heated for a short time above its melting point, 
and then allowed to solidifv, an modification is 

formed, which melts at 52*^,^ and which is readily transformed to the 
stable modification by contact with a crystal of the ordinary acid. 
The strong acid blisters the skin. 

Dichloraoetio Acid, CHClg-COOH, is a liquid at ordinary tern* 
peratures, boiling at 190® It is soluble in water. 

Trichloracetic Acid, CC 18 .COOH, forms deliquescent rhombo- 
hedral colourless crystals, which are very soluble in water. The 
melting point is 52®, It blisters the skin. 

The three acids and their salts react very similarly to acetic acid 
and its salts, e.g. the neutral solutions give a red coloration with ferric 
chloride, and, on boiling, a basic acetate is precipitated out. They 
are distinguished from acetic acid by the fact that they contain 
chlorine, which may be easily detected by (i) Beilstein's test, (2) 
boiling with alcoholic potash (it is best to do this in a small flask, 
fitted with an air condenser) j potassium chloride is formed, and may 
be tested for after acidifying with nitric acid. 

In the case of dichlor- and trichloracetic acids, other reactions 
take place under the influence of the alcoholic potash. 

Dichloracetic Acid. — Glyoxylic acid is first formed, and this is 
then converted by the alkali into glycollic and oxalic acids. On 
acidifying with acetic acid and adding calcium chloride a white pre- 
cipitate of calcium oxalate is obtained. 

CHCla.COOH CH(OH)2.COOH CHO.COOH. 
2CHO.COOH + aNaOH = CHjOH.COONa + (COONa), + 2H3O. 

* It is important for the student to bear in mind that if a substance has once 
been melted and allowed to solidify a^^ain, the melting point of the solidi- 
fied product is not necasarily the same as that of the ori|^nal sub^ance. 
This may be due to the Formation of a metastable modification> as in the 
present case, or to the formation of a dynamic isometidej Thio-ar» 
[CSfNH*),) on being’ m«dted is partially transformed into ammonium thio- 
cyanate (NH^SCN), Re-detcnninatioiis of the melting point 

should, therefore, alw^U made with fresh quantities of the original 
sub^ance. 
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Tkiehloraertto AcW.— Chloroform is produced and may bo 
detected by the odour, (Only sufficient alkali should be add^ ta 
render the solution just alkaline.) 

CCla.COOH + 2KOH = CHCI3 + KgCO, + HA 

Acetamide, CH9.CONH9. 

The dehydration of ammonium salts of fatty acids g^ves rise 
successively to the corresponding amides and nitriles. For the 
hrst <tehydiation mere heating is often sufficient, but the dehydra- 
tion of the amide into the nitrile generally requires the use of 
j^iosph<wus pentoxide. 

CH^COONH* - H ,0 = CHa-CONHa + HA 
CH^CONHa - HaO = chan + HA 

The conversion of ammonium acetate into acetamide occurs 
even when the salt is distilled alone; but the yield is then very 
poor. It is far aiore satisfactory to heat to a higher temperature 
in a sealed tube, or, alternatively, to make use of the favourable 
catalytic influence of acids on this reaction. The latter method 
is adopted below, using acetic acid as the catalyst. 

Place 100 grams of glacial acetic acid in a round 250 c.c. 
flask, and introduce 30 grams of ammonium carbonate in small 
proportions at a time, obtaining hnally a solution of ammonium 
acetate in excess of acid. Attach a glass tube (2 cms. in 
diameter) as reflux condenser, and boil the liquid quietly for half 
an hour. Then replace the reflux condenser by a fractionating 
column (eg. a Young 4-pear column similar to that described on 
p. 86), fitting this with a thermometer as in fig. r3 (p. 16), and 
attaching the air condenser to the side tube. Support the flask 
on a sand bath and boll the liquid so that the distillate falls from 
the end of the condenser not more rapidly than one drop in two 
seconds. The slower the distillation proceeds the better. When 
the thermometer reaches 200® C. (the time taken should be at 
least two hours), the residue in the flask is almost pure acetamide, 
and after pouring into a dish should solidify, on cooling, to a 
crystalline mass. This should be pressed on a porous plate. It 
can be purified by actual disdlladon, when the fraction disdlling 
at a comtsmt temperature should be collected' separatdy. Yield 
about 24 grams. 

Pure acetamide is a colourless cryst^^ sofld, melting at 
82® and boiling at 223.®.. 
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^ydrolysi*.— Boil a few grams of acetamide vn^ caustic potash 
solution for a quarter of an hour in an open flask ; ammonia is given otfT 
and can be detected in the escaping steanL Add e:cces$ ^ dilute 
sulphuric acid to the liquid in flask and distil through a condenser ; the 
distillate is a weak solution of acetic acid, and can be tested in the 
usual way, 

• CHsXONH, + KOH = CH^.COOK + NH,. 

Acetonitrile, GHjCN. 

Acetonitrile, or methyl cyanide, is an interesting substance, 
since it provides the most important step in the synthesis of ethyl 
alcohol from methyl alcohol By reduction it forms ethylamme, 
which easily gives ethyl alcohol on treatment with nitrous acid. 
It may be prepared by the distillation of a mixture of methyl 
hydrogen sulphate with potassium cyanide, but the method of 
preparation given below is preferable. 

Introduce quickly into a distilling flask approximately ao 
grams of phosphorus pentoxide, measuring the amount of the 
pentoxide by weighing the (corked) flask before and after its intro- 
duction. Then add lo grams of powdered acetamide and shake 
the mixture together; attach a condenser to the flask, and heat 
the latter carefully over a smoky flame, distributing the heat as 
evenly as possible. When nothing more distils, add to the distil- 
late about half its volume of water, and then more than sufficient 
anhydrous potassium carbonate to saturate the water present. 
Allow to stand an hour, with occasional shaking, in order to 
remove traces of acetic acid from the nitrile. Then separate the 
nitrile from the lower aqueous layer, pour into a distilling flask, 
add a few grams of phosphorus pentoxide, and distil. The 
acetonitrile distils over at about Yield c. 5 grams. 

The pure liquid boils at 8i’6®, and has a specific gravity of 
0789 at 15®. It is miscible with water, but is separated out on the 
addition of salts soluble in water, such as potassium carbonate. 

HydroIy»ia.-rBoil a few c.c. of acetonitrile with 50 cc. of dilute 
sulpb Jiic add for half an hour, using a reflux condenser ; alter the 
position of the condenser, distil half the liquid through it, and test the 
distillate for acetic add. Add potash to the residue in the fladc till 
alkaline, and again distil; the distillate this time will be a dilate 
solution of ammonia. 

CH.CN + H,SO,'= CH.COOH + NH,HSO,. 

Caustic potash solution can also be used fiar the by^ly^ pt 
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acetonitrile \ in this case the 6rst distillate is the ammonia scduticO} 
then, after acidifying with dilute sulphuric acid, the acetic acid can 
be distilled olif. 

CH5CN + HjO + KOH = CHa-COOK + NH,. 

Reduotion of Ac0toiiitrile.-“Nitriles are easily reducible to the 
'Corresponding amines; the reduction is most suitably performed in 
alcoholic solution by the action of metallic sodium. Dissolve a few 
drops of acetonitrile in 10 c.c. of alcohol in a test-tube and heat till 
the solution boils. Tothe ^ot solution add one or two small fragments 
of sodium ; when the sodium has dissolved, heat the tube once more 
till the liquid be^ns to boil, when the ammoniacal odour of the ethyl- 
amine formed is apparent. 

CHjCN -h 4H = CH8.CHj.NHj. 

Methylamin© Hydrochloride, CHjNHj.HCl. 

This substance is conveniently prepared from acetamide by 
means of Hofmann's reaction. If an acid amide be heated with 
bromine and potash, the 6rst product is a bromamide. 

CHj.CQNHg + Brj -h KOH = GHj-CONEBr + KBr + HjO. 

The bromamide, on treatment with excess of hot caustic 
potash solution, gives first an isocyanate, which then hydrolyzes 
to an amine. 

CH3.CONHBr - HBr = CH8N:C:0. 

CH8.N:C:0 -I- 2KOH = CHjNHj -h KjCO,. 

With the lower fatty acids, the action stops here ; but with the 
higher ones the action of more bromine and caustic potash gives 
rise to the nitrile of the acid containing one carbon atom less 
than the acid whose amide was originally taken. 

C,H,8.CHjNH 3 + aBrj = QH^CN -f 4HBr.. 

Detaik of Procedure — together 20 grams of acetamide 
with 54 grams (18 c.c.) of bromine («>. equimoleciriar pro- 
portions) in a half-litre flask; cool by immersion in water, 
while a 10 per cent, solution of caustic potash is carefully added 
till the colour of the liquid changes to a deep yellow. The action 
represented by the first equation above then takes place, with 
formation of acedc bromamide. 

A distilling flask is fitted with a cork, through which pass the 
stem of a dropping funnel and a thermometer, the latter reaching 
nearly to the bottom of the flask, A solution of 56 grams of 
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caustic potash in loo c.c. of water (/^. three molecules of caustic 
potash for each molecule of bromamide) is placed in the flask 
and heated to 60-70^. The solution of acetic bromamide is 
poured into the dropping funnel and allowed to run slowly into 
the flask. Care must be taken to keep the temperature from rising 
above 70®. After all the solution has been run in, the mixture is • 
allowed* to stand at the same temperature till completely de* 
colourized (about 10 to 15 minutes), 

A few figments of porous tile are^ dropped into the flask; 
the latter is then closed by a cork, and the liquid is distilled 
through an ordinary condenser. The condensed liquid is passed 
into 100 c,c. of dilute hydrochloric acid in a beaker, through a 
funnel attached to the end of the condenser; the funnel is so 
arranged that its lip just touches the surface of the acid; this 
prevents the acid sucking back into the flask. 

When a little of the distillate, on testing, proves to be no 
longer alkaline, evaporate the hydrochloric acid solution to dfy- 
ness on water-bath. The residue consists of methylamine hydro- 
chloride mixed with a little ammonium chloride ; it should be 
placed in a flask and extracted several times under a reflux con. 
denser with small quantities of absolute alcohol The combined 
alcoholic extracts, on cooling, deposit crystals of .methylamine 
hydrochloride. Collect and dry in the usual way. The yield is 
variable. 

Add caustic soda to a little methylamine hydrochloride in a test- 
tube, and warm ; the strong ammoniacal odour of methylamine is at 
once apparent. 

METHYLAMINE AND TRIMETHYLAMINE^ 

. CHs.NHj. (CH8)3N. 

These two substances are gases at ordinary temperatures (methyl- 
amine boils at - 67° and trimethylamine at + 3*5®), possessing a 
fishy odour, which, at the same time, reminds one of ammonia. They 
resemble ammonja in that they form white fumes with the vapours of 
volatile acids, and are alkaline to moist litmus-paper ; they dissolve in 
water, giving alkaline liquids which probably contain the hydrates of 
the bases, viz. CH3.Nli80ri and (CHs)jNHOH. They are distin- 
guishcd from ammonia by their inflammability. With the mineral 
and organic acids they form salts. The hydrochlorides are soluble in 
water, and also in alcohol (distinction from ammonium chloride). 

1 The correspondiug ethykmines and their salts are similar in character 
and answer to the same tests, 
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With cHoro^atinic and chloroauric acids they /arm crystaHine salts, 
eg, (CH,.N Hj)2H2PtCU, and (CH8NHa)HAuCl4. 

The solutions the bases in water act very sWarly to a -solntion 
of ammoninm hydroxide ; they precipitate many of the metals from 
solution as hydroxides Fe(OH)5], and unite with oxides and salts, 
eg, of silver, zinc, and cadmium, to form complex compounds. 

Met^ylandne and Balts.->Tbe free base resembles ammonia 
very much is its odour, but at the same time it smells somewWt frisdiy. 
The solution in water dissolves aluminium hydroxide (dis^ctfon from 
ammonia). 

The hydrochloride (methyl ammonium chloride) melts at 225- 
226^ A solution of this salt may be used for the following tests. 

1. On warming with caustic soda^ the free base is liberated as a gas, 
and may be recognized by its odour, alkaline reaction, and inflam- 
mability. 

CH^NHjd + NaOH = CHa-NH* + NaCl + H^O. 

2. Acidify the solution with dilute hydrechlonc acid and add a 
solution of sodium nitrite. Nitrogen is rapidly evolved. (Charac* 
teristic of a primary amine.) 

CH8.NH2 + NO.OH = CHjOH -j. Nj + HjO. 

3. When heated with alcoholic potash and chloroform^ the very 
unpleasant odour of methyl isonitrile is perceived {cf, tests for 
chloroform). 

CH,NHj + 3KOH 4 - CHClj = CH,NC + 3KCI + sHjO. 

This test is also characteristic of a primary amine. 

Trimethylamine and flalte.— In the concentrated form the free 
base is said to possess an odour very similar to that of ammonia, bat 
generally it is diluted with air, and then it has an extremely unpleasant 
fish-like odour. 

For the following tests a solution of the hydrochloride [trimethyl- 
ammonium chloride, (CH5)3NHC1] may be used. 

1. On warming with caustic soda^ the free base is liberated ^as a 
gas, and nmy be recognized by its odour, alkaline reaction| imd 
inflammability. 

2. There is no action with dilate hydrochloric acid and sodium 
nitrite solution. (Distinction from methylamine.) 

3. Isonitriles are not formed by the action of alcoholic pota^ and 
chloroform. ( Disti notion from methylamine.) 

Note,— P rimary amines and tertiary amines may he distinguished 
from each other by tests 2 and 3. Secondary amines give a nitroso^ 
compound with nitrous acid, but these will be considered later, when 
dealing with the aromatic amines (see p. 122). 
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COOH 

Oxalic Acid, | 

^COOH. 

When cane sugar is oxidized by moderately strong nitric acid,’ 
oxalic acid is formed as the chief product. 

Place 250 C.C. of concentrated nitric acid in a large flask, and. 
heat in *a bath of boiling water. When the acid is hot, transfer 
flask to a fume chamber and add 50 grams of cane sugar. Brown 
fumes are evolved in abundance; when the action has ceased, 
pour the contents of the flask into a porcelain dish and evaporate 
on the water- bath to one quarter of the original bulk. On allow- 
ing to cool, the oxalic acid separates in large crystals. Pour 
off the liquid and drain the crystals as thoroughly as possible 
without the use of a filter-paper. Recrystailize from a little hot 
water. Yield 15 grams. 


Oxalic acid forms colourless crystals, containing two molecules of 
water of crystallization. Readily soluble in water and alcohol. The 
crystals melt at 100® ; on further careful beating, the water of crystal- 
lization is driven off and the acid sublimes. If heated rapidly, 
decomposition also takes place. 

HaCA ^ COa + H,COOH COj + CO + HjO. 

The oxalates of Na, K, and NH4 are soluble in water ; the others 
are mostly insoluble in water, but soluble in hydrochloric acid. 

I. All oxalates are decomposed on heating, no blackening taking 
place. The oxalates of the alkali metals and of the alkaline earths 
leave a residue consisting of carbonates, and carbon monoxide is 
liberated. Silver oxalate explodes on heating, 

NajCA = NajCOs + CO. 

If the residue^ is strongly heated, the carbonates of the alkaline 
earths will be further decomposed, leavmg the oxiddi ; this takes place 
fmtly readily with calcium carbonate, but a very high temperature is 
necessary to decompose barium carbonate. 

Oxalates of the heavy metals {eg, Cu) produce an oxide, and 
oxalates of metals whose oxides decompose on heating {eg, silver) 
leave the metal* 

If acid oxalates are carefully ignited they first give off oxalic acid, 
leaving the normal salt, which is then decomposed as above. 

a. Oxalates and oxalic acid are decomposed by heating with 
strong sulphuric addy carbon monoxide and carbon dioxide being 
evolved. The former gas may be detected by applying a light to the 

fi 
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mouth of the test-tube, and the latter by passing the gases through 
lime-water, or by decanting them into a test-tube containing lime- 
water, and then shaking. The gases are evolved with effervescence, 
and no blackening takes place. 

Na^CgO^ + 2H2SO4 = 2NaHS04 -1- H^CA* 

H^CA = CO -1- CO 2 + HjO. 

3. Calcium chloride^ with neutral or alkaline solutions of oxalates, 
pves a white crystalline precipitate of calcium oxalate, insoluble in 
acetic acid, but soluble in hydrochloric or nitric acid. 

NajCgO* -k CaCls = (COO)aCa -f 2NaCL 

If the precipitate is washed, dried, and then ignited gently in a 
crucible, carbon monoxide is evolved, and a residue of calcium car- 
bonate is left, which effervesces on the addition of hydrochloric acid. 

{C00)2Ca = CaCOj + CO. 

4. Silver nitrate gives a white crystalline precipitate of silver 
oxalate with neutral solutions of oxalates. The precipitate is soluble 
in ammonia and in nitric acid. 

NaaC204 + 3 AgN 0 s = AgsC204 + 2NaN0j. 

5. Add potassium permanganate^ drop by drop, to the warm 
solution of an oxalate, acidified with dilute sulphuric acid. The 
permanganate is decolourized, and carbon dioxide is evolved. 

5NaaCA + 3 KMn 04 SH^SO* 

= 10CO2 + K2SO4 -k sNajSO^ -k 2MnS04 -k SHjO. 

TARTARIC ACIDt 
CH( 0 H).C 00 H 
c!h(OH).COOH. 

Forms large colourless crystals, which are soluble, in water and 
alcohol The ordinary acid of commerce is dextro-rotatory. The 
normal salts of the alkali metals are soluble in water, most others 
being insoluble. All tartrates are soluble in dilute hydrochloric acid. 
It is noteworthy that the acid salts of potassium and ammonium are 
only very slightly soluble in water. 

I. Tartaric acid and tartrates blacken (due to charring) when 
heated in the dry state ; the mass swells up and an odour of burnt 
sugar is given off. 
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3. When heated with strong sulphuric acid^ tartrates, or tartaric 
acid, almost immediately blacken ; carbon monoxide, carbon dioxide, 
and sulphur dioxide are evolved.* The carbon monoxide may be 
ignited at the mouth of the test-tube, and the sulphur dioxide is recog- 
nized by its smell. At the same time there is an odour of burnt 
sugar. 

3. gives, with neutral tartrate solutions, a white 
crystalline precipitate of calcium tartrate, which is soluble in cold, 
strong (20 per cent) caustic potash or soda, and in acetic acid. 
Calcium tartrate readily gives supersaturated solutions, so that unless 
the tartrate solution is concentrated, the precipitate is only obtained 
after standing for some time, or on vigorous shaking. (It may be 
necessary to concentrate the solution.) 

The crystalline particles are heavy and comparatively large, and 
rapidly sink to the bottom. 

-h CaCl, = C4H*0»Ca 2NaCl. 

4. Silver nitrate added to the neutral solution of a tartrate gives a 
white precipitate of silver tartrate, which is soluble in ammonia and 
nitric acid, and also in excess of the tartrate. 

C^H^O^Na^ + 2AgN0a = C^H^OeAga + ^NaNOj. 

Allow the precipitate to settle, pour off the supernatant liquid, and 
add water and just enough ammonia to dissolve the precipitate. Drop 
in a crystal of silver nitrate, and heat the test-tube in a beaker of 
water ; the silver salt is reduced, and the silver is deposited as a 
bright mirror on the sides of the tube.® 

5. Potassium salts^ when added to solutions of tartrates or of 
tartaric acid, give, under certain conditions, a white precipitate of 
potassium hydrogen tartrate. To obtain the precipitate from solutions 
of normal tartrates, it is necessary to add acetic acid ; if free tartaric 
acid is used, sodium acetate must be added to take away the free 
mineral acid which is set free when the precipitate is formed,® (These 
difficulties may be obviated by using a solution obtabed by dissolving 

1 The carbon dioxide may be detected in the presence of sulphur dioxide by 
first passing the evolved gases through a strong solution of potassium bichro- 
mate, and then through lime-water. This test, however, docs not possess any 
analytical importance. 

* The conditions for obtaining a good mirror are given under the tests for 

formaldehyde, p. 20. ' 

* For an explanation of this, reference should be made to modem text- 
books of inorganic chemistry, such as Findlay’s translation of Ostwald’s 
** Outlines of Inorganic Chemistry. ’’ The reaction depends on the presence 
of hydrogen tartrate ions, H.H,C40a', these being necessary for the formation 
ofKH.H4CA. 
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potassiuro carbonate in acetic acid.) In all cases the precipltati<»i is 
accelerated by vigorous shaking. 

(C.H^O^Nag + CHj.COOH = QH^OeHNa + CHs.COONa. 
i C.H^OeHNa + KQ = C4H40«HK + NaCl. 

C,¥liO,B,+ KCl + CH8.COONa == C4H40,HK+NaCl+CH, COOH. 

6. Add a little of the solid tartrate to sinmg sulphuric acid con- 
taining I per cent, of resordn^ and heat very gently. A violet-red 
colour is produced. (Distinction from a citrate.) The test may be 
conveniently carried out on the lid of a porcelain crucible. 

7. Free tartaric acid and alkaline tartrates prevent the precipita- 
tion by alkalies of certain metallic oxides, e.g, the oxides of copper, 
iron, etc. This property is made use of in the preparation of Fehling^s 
solution {cf, p. 233). In order to remove the heavy metal from such 
solutions it is necessary to proceed as given on p. 84. 

8. Fentotis test : To a solution of a tartrate, add one drop of ferrous 
sulphate solution and a few drops of hydrogen peroxide. The subsequent 
addition of sodium or potassium hydroxide gives a purple coloration. 

CITRIC ACID. 

CH2.COOH 

C(OH).COOH 

CHj.COOH. 

Crystallizes in rhombic prisms containing one molecule of water of 
crystallization. Very soluble in water and alcohol. The alkaline 
citrates are soluble in water, most of the others being insoluble or only 
sparingly soluble ; all citrates are soluble in hydrochloric acid. 

The reactions of citrates should be carefully compared with those 
of tartrates. 

1. Citric acid melts on being heated and afterwards slowly darkens, 
pungent and irritating fumes of aconitic acid being given off— the 
odour may readily be distinguished from that obtained‘ when tartaric 
acid is dccomposai by beat. On continued heating, further decompo- 
sition takes place, and a black residue is left. Citrates behave' in a 
similar manner. 

2. When heated with strong sulphuric add citrate^ or^tric acid, 
evolve carbon monoxide and carbon dioxide. It is onV^er pro- 
longed heating that blackening lakes place and sulphur diOxide is 
evolved {cf. tartrates). 

3. Caldum chlokde gives, with neutral solutions of citrates, no 
precipitate in the cold^ except after standing for some homs j if the 
solution is boiled for a short time a crystalline precipitate of calcium 
citrate is (Stained. If the solution is too dilute, it will require con^ 
centrating before any precipitate forms. The formation of this 
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precipitate is rendered more certain by the addition of a little 
ammonia.' The crystalline precipitate is insoluble in caastic soda or 
potash, and also in ammonium chloride* 

If caustic soda or potash is added to the cold solution of the citrate 
containing calcium chloride, there is an immediate white precipitate 
of amorphous calcium citrate, which is soluble in ammonium chloride j 
from this solution the crystalline compound sejarates out on boiling, 
and is then no longer soluble in ammonium chloride.^ 

2C,0,H,K3 + SCaCla = Cas(C,0,H^, + 6Ka 

4* Silver nitrate^ with neutral solutions of citrates, gives a white 
precipitate of silver citrate, which is soluble In ammonia. On heating 
this solution for some time there is a reduction of the silver compound, 
but no mirror is formed. 

CAH.Kj + sAgNO, = CAHfiAga + 3KNO3. 

5. Citrates resemble tartrates in that they prevent the precipitation 
by alkalies of certain metallic oxides. 

6. Add caustic potash in excess to the solution of a citrate, and a 
few drops of potassium permanganate. The solution becomes green 
on boiling. Tartrates under like conditions give a brown precipitate 
of hydrated peroxide of manganese. 

SUCCINIC ACID, 

CH^.COOH 

CH2.COOH. 

Crystallizes in prisms, which melt at 185®, and boil at 235® with 
the formation of succinic anhydride. Soluble in water and alcohol. 
Most succinates are soluble in water. 

1, The acid, on heating in a test-tube, melts, and then boils, giving 
a very irritating vapour, which, when inhaled, induces violent cough- 
ing ; a sublimate forms in the cool part of the tube. Very little, if 
any, charring takes place. 

Most succinates show a similar behaviour. 

If a little of the acid is heated on platinum foil it burns with a 
non-luipinous blue flame, leaving no residue of carbon. (Distinction 
from benzoic acid.) 

2. &xcdoates, or succinic acid, on being heated with strong 
sulphuric add, give off the irritating vapour of the unchanged acid, 

» Too much ammonia mast not be added, otherwise an amorphous precipi- 
tate will be formed in the (old, 

* This is a good example of the flict that the anstable form of a conqxmnd 
is m<He soluble than the stable. In this case the amorphous form is unstable ; ^ 
on standing for a long time, or more quickly on boiling, it changes to the 
stable crystalline form. 
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which my form a sublimate on the cool sides of the tube. If the 
heatinir is prolonged, sulphur dioxide is evolved and slight blackening 
takes place. 

3 . Barium chloride gives a white precipitate of barium succinate 
with neutral succinates. This precipitate forms fairly readily from 
concentrated solutions ; from dilute solutions the precipitate is readily 
obtain^ by the addition of excess of ammonium hydroxide, Xhe pre- 
cipitation is more certain if alcohol is also added {cj, benzoic acid). 


CHj.COONa 

• ] + BaClj 

CH,.COONa 


CHaXOON 
I Ba 2 Naa. 

CH^COO/ 


4. With neutral succinate solutions ferric chloride gives a pale 
brownish-red precipitate of basic ferric succinate. Filter off the pre- 
cipitate, with ammonium hydroxide^ and again filter. The filtrate 
will contain most of the succinic acid as the ammonium salt, the iron 
remaining on the filter as a more basic succinate. With barium 
chloride and alcohol the filtrate gives a white precipitate of barium 
succinate, but no precipitate with hydrochloric acid{cf benzoic acid). 

5. The precipitates obtained with silver nitrate and calcium 
chloride are not important 


COOQH, 

Dleihyl Oicalate, | 

COOQH^ 

Since oxalic acid is a stronger acid than acetic, it forms 
esters much more easily, but there is still a tendency for the 
water formed to stop the action before it is nearly complete, by 
giving rise to the reverse reaction. In the following preparation 
this tendency is checked to a large extent by removing the 
water from the mixture by a stream of alcohol vapour. 

(COOH), 4 - 2 QH, 0 H ^ (COOQH.), -f 

Dehydrate 5<^egrams of crystallized oxalic acid : the dehydra- 
tion may be carried out by heating the powdered add in a steam 
oven, or preferably in a flask heated in a water-bath, a constant 
stream of air being drawn through the flask till the acid is 
anhydrous. If great care be taken, the dehydration may be 
performed by heating the add in a porcelain ish over a small 
bunsen flame, with continual stirring. The dehydration in each 
case is complete when the weight has decreased by 14 grams, 
leaving 36 grams of anhydrous acid. Place tlus add in a distilling 
flask (A, Fig. 15) ^d add 35 c.c. of absolute alcohol. Fit the 
neck of the flask with a two-holed bung carrying a glass tube and 
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a thermometer,* both of which reach down into the mixture; attach 
the side tube of the flask to a condenser, and slowly heat the 
flask over a wire gauze till the temperature reaches 100®. The 
amount of liquid distilling at this temperature will be inappre- 
ciable, and the liquid should be maintained at this temperature for 
twenty minutes. Pour 60 c.c. of absolute alcdhol into a small* 
flask, B, fit the flask with a bung carrying a glass tube bent at 
right angles, and also a straight glass safety-tube; connect 
with flask A, as shown in the diagram. Boil the alcohol gently 
over a wire gauze, ^ and pass the vapour into the hot mixture 
in A, at the same time slowly raising the temperature of the 
mixture to 130°, When all the alcohol has been vaporized, 



the thermometer bulb should be withdrawn from the liquid into 
the neck, and the residue in the flask should be fractionated with 
an air condenser. Collect three separate fractions ; 100®- 
160°, i6o®-i8o° i8o°-i86®. The distillate from ioo®-i6o® is 
reserved for the preparation of oxaraide. The distillate from 
i8o“-i86°is practically pure ethyl oxalate. The distillate from 
i6o®-i8o® consists chiefly of ediyl oxalate and alcohol; it is 
shaken with twice its volume of water to remove the alcohol, and 
the lower layer of ester separated off and dried overnight over 
calcium chloride. The dry ester is then redistilled, and the 
fraction distilling from i8o“-i86® added to the pure fraction 
previously obtained. Total yield c. 30 grams. 

Pure diethyl oxalate is a colourless liquid boiling at i86®. It 
is almost insoluble in water. D^, 1*08. 

* The thermometer is not shown in the figure, 

’ To prevent superheating, it is advisable to add a fragment of ungiazed 
porcelaiiu 
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Biiflfttliyl Oxalate can be prepared in the same manner as 
the ethyl ester. Unlike the latter, it is a solid substance, meldng 
at 54® and bciling at 163®; it is soluble in water, alcohol, and 
ether, Itt the preparadon the distillate should be collected 
in three fractions, from loo^-iao®, i2o®~i4o®, and 140^-163®. 
l^he last fraction, on the addition of a crystal of previously 
jffepared methyl oxalate, will set to a solid mass of practically 
pure ester. The middle fraction, on the addition of a crystal 
wth also deposit crystals, and the solid should be separated 
frdtb ahy mother liquor by pressing on a porous plate. The 
combined solid fractions can then, if necessary, be recrystallized 
from a little alcohol 

Hydrolysis.— Both diethyl and dimethyl oxalates are readily 
hydrolyzed; if either be shaJcen with water for a short time, the 
water becomes acid to litmus, and, after neutralizing, gives the tests 
for oxalic acid. 

(COOCH*), + zHjO = (COOHX + aCHsOH. 

CONU, 

Oxamide, | 

CONHr 

Add concentrated ammonia in excess to ^ alcoholic solution 
of ethyl or methyl oxalate; a white crystalline precipitate of 
oxamide immediately forms. 

(COOC^HsH + 2NH3 = (C0NH.)3 + 8QH5OH, 

To obtain a fair quantity of this substance, the mixture of alcohol 
and ester which, in the above preparation of ethyl oxalate, distils 
off below 160®, should be treated with concentrated ammonia. 
The precipitate is filtered off, washed with a little alcohol, and dried. 

Oxamide is a crystalline powder, almost insoluble in water, 
alcohol, and ether ; On heating, it sublimes without melting, under- 
going partial decomposition, 

If it be boiled with caustic soda solution, hydrolysis ensues with 
liberation 6f ammonia, and formation of a solution of eodiam Oxidate. 

CCONHj), + 2NaOH = (COONa), + 2NH8. 

On heating a mixture of oxmuide and phosphorus pentoxide, the 
former is dehydrated with formation of cyanogen {cf, preparation ot 
acetonitrile firom acetamide). 

(C0NH,)8 - 2H3O ^ 
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formic AcW, H.COOH. 

When oxalic acid is heated alone it decomposes partly into 
carbon dioxide and formic acid, but mainly into carbon dioxide, 
carbon monoxide, and water. If the oxalic acid is heated with 
glycerol to about 120°, the decomposition proceeds almost 
entirely according to the first method — 

(COOH)* « COa + H.COOIt 

The mechanism of the process is supposed to be as follows: 
The glycerol and oxalic acid first give an ester, CHaOH.CHOH. 
CHaO.CO.COOH, which almost immediately decomposes with 
evolution of carbon dioxide, giving glyceryl monoforraate, 
CH.OH.CHOH.CHaO.CHO. The glyceryl monoformate is then 
decomposed by the excess of oxalic acid re-forming the acid 
glyceryl oxalate and liberating formic acid; the latter distils. 
The glyceryl ester is then free once more to undergo the same 
changes, and form a further quantity of formic acid ; theoretically 
the action might go on indefinitely. 

Details of Procedure .— some glycerol in a porcelain 
dish ^owly to 175'^ in order to expel water. Place 50 c.c. 
of anhydrous glycerol together with 40 grams of crystallized 
oxalic add in a distilling flask, connect with a condenser, and 
heat carefully, the thermometer bulb being in the liquid. At 
90® a vigorous evolution of carbon dioxide commences; the 
temperature should be allowed to rise to no®, and remain there 
till the evolution of gas slackens. The mixture is then allowed 
to cool to 80®, a second lot of 40 grams of oxalic add is added, 
and the previous treatment repeated. This is performed a third 
time with a third addition of 40 grams of acid. The distillate 
consists of aqueous formic acid. 

The residue in the flask still contains formic acid as the 
glyceryl ester. It is therefore poured into a large round flask, 
diluted with 250 c.c. of water, heated on a sand-bath, and 
steam passed in (see Fig. 16). This steam distillation hydro- 
lyzes the ester and carries over the formic acid, which collects 
together with water as the distillate; the distillation is stopped 
when the distillate Is no longer acid. 

To obtain the lead salt the combined solutions of formic acid 
aife lheti placed in a porcelain dish, heated on a water-bath, and 
l^d carbonate is added in small quantities and well stirred in 
each time, till a further addition gives no more effervescence. 
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The liquid is then filtered, and the solution of lead formate 
evaporated on the water-bath till it begins to crystallize; it is 
then set aside to cool. The white needle-shaped 
crystals are filtered off and dried. Yield c, 50 grams. [] 

If anhydrous formic acid be required, the 
most convenient procedure is to dehydrate 
the weak acid by the action of anhydrous 
oxalic acid. The weak acid prepared 
by the above method is fractionated 


Fig. 16. 

(sec p. 86) until a 75 per cent, solution of formic acid is obtained ; 
in this solution, anhydrous oxalic acid is dissolved by warming. 
When the solution is cooled, crystals of hydrated oxalic acid separate 
out, leaving the formic acid above practically anhydrous ; on distilla- 
tion, the latter is obtained pure. 

Allyl Alcohol, CH^ : CH.CH^OH. 

When excess of glycerol is heated with oxalic acid to 200®, 
the action is quite different from that obtaining when glycerol 
is heated with excess of oxalic acid to a lower temperature (see 
preparation of formic acid). In the former case, glyceryl dioxa- 
late is first formed and then decomposes, giving carbon dioxide 
and allyl alcohol.’^ 

' \^O.CO\ 

CH,OH.CH )CO = CH,OH.CHiCH,+ 2 CO, 
\CH2;0/ 

Mix 50 grams of anhydrous oxalic acid (see p, 54) with 200 
grams of dried glycerol (see formic acid preparation) in a retort, 

^ For details of the mechanism of the interaction of glycerol and oxalic 
add with formation of allyl alcohol or formic acid, see F, D. Chattaway, 
Jimrn, Chm, Soc, Trans., 1914, 105 , 15? j 1915, 107 , 407 ; also S. Coffey 
and C. F. Ward, thid., 1921, 110 , 1301. 
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and add 0*5 gram of ammonium chloride;' fit a thermometer, 
by means of a cork, into the tubulure of the retort so that the 
bulb is in the mixture, and attach the beak of the retort to a 
condenser. Heat carefully over wire gauze; the temperature 
rises to 130°, and then remains constant for some time, while a 
brisk evolution of carbon dioxide takes place ; the evolution then . 
begins to slacken, and the temperature again rises slowly till 195° 
is reached. The collecting flask is then changed and the heating 
continued; at 2o5°-2io® the evolution of gas recommences, 
owing to the decomposition represented in the above equation ; 
the retort is then heated carefully so thatb temperature of 220®- 
230® is maintained as long as possible; finally, when the tem- 
j)erature reaches 260°, the heating is stopped. The residue in 
the flask contains an excess of glycerol, which can be made to 
react with a further quantity of oxalic acid. Add 30 more grams 
of oxalic acid and repeat the above process. 

The distillate contains allyl alcohol and water, with some 
allyl formate, acrolein, and glycerol ; it is again distilled till a 
portion of the distillate gives no separation of allyl alcohol as 
oily drops, when solid potassium carbonate is added. The whole 
distillate is then shaken with solid potassium carbonate, and the 
allyl alcohol thus salted out is separated off and redistilled, when 
it comes over at 92®-96°.* 

Further purification of the distillate need not be carried out. 
Yield A 15 grams. 

Allyl alcohol is a pungent, colourless liquid, with a burning taste 
(boiling point 96®). It is soluble in water in all proportions, and can 
be “salted out” from such solutions by the addition of potassium 
carbonate. It is typical of the unsaturated compounds, and, as such, 

answers to the following tests , 

1. Bromine water is instantly decolourized whan added drop by 
drop to allyl alcohol. 

2. Reduces cold alkaline permanganate. (Dilute a solution of 
potassium permanganate until transparent, and then make alkaline 
with a little sodium carbonate solution.) 

I The ammonium chforide is added to decompose any traces of potassium 
oxalate which may be present in the commercial oxalic acid, 

» The allyl alcohol so prepared still contains a small quantity of acrolem 
and water ; the first of these is removed by aUowing to stand over soUd 
potash and redistilUng ; the water is removed from this distilUte by treatment 
with anhydrous baryta. 
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As an i^kol it fonns esters. Add careftilly a slight eitffess of 
€€eij^ eMoridi to a litHe of the alcohol, and then add water to destroy 
the eioress of acetyl chloride. The fragrant odour of allyl acetate will 
be noticed. 

4 - CH^COG = CH,.COOCH2.CH iCH* + HCU 


GLYCEROL \GLYCERINE\, 
CH^OHXHOaCHjOH, 

Glycerol is a colourless, inodorous, syrupy liquid, with a sweet 
taste. It is misdble with water and alcohol in all proportions, but is 
insdubife in ether. The anhydrous liquid boils, without decomposition, 
at 290®, but since glycerol is very hygroscopic It generally contains 
water, and then boils with decomposition. Specific gravity r265 at 15°. 
It is combustible, burning with a luminous flame and leaving no residue. 

Note,— A solution of glycerol should be concentrated on the 
water-bath before carrying out tests 1-3. 

1. On being heated alone, no blackening takes place if die glycerol 
is pure ; irritating fumes are evolved. 

2. When mixed with cold, strong sulphuric acid there is no apparent 
change. On. hating the mixture, blackening takes place, and irri- 
tating fum^ of acrolein are. evolved. 

CMOH)t - 2 H ,0 = CH,:CH.CHO. 

3. When heated with povfdeTQdpolassium hydrogen sulphate^ acro- 
lein is evolved, and a slight darkening in colour takes place. 

4. Mix a little borax with 3 solution of glycerol and make the flame 
test with platinum wire: a green coloration is produced. 

5. A solution of is alkaline, because of hydrolysis, and conse- 

quently gives a pink colour with phenol pbthalein. On carefully 
adding a solution of glycerol— which should be neutral— to a one per 
cent, solution of borax, which has been coloured pink by the addition 
of phenol pbthalein, the pink colour of the latter is destroyed. The 
pink colour reappears on warming, but disappears again on cooling. 

Note.— 'Ammonium salts also cause disappearance of the 
colour, but it does not reappear on warming, Polyhydric alcohols 
also behave in the same way as glycerol. 

Urea or Carbamide, C0(NHj)^ 

Wien lmmomum cyanate is dissolved in wter, it undergoes 
isomeric change into urea, the process going on until equilibrium 
is reached (see p. 62). Howevei^ if the elution is evaporated, 
the less soluble urea begins to separate out first, thus causing 
the remaining mixture in solution to |ptatn a lower percent^e 
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of ujcea than previously. Consequently, the equiUbrium is disturbed 
and raore cyanate changes to urea. The urea continues to 
separate, and so the action proceeds, till, finally, all the solvent 
has chsappeared and only urea remains. 

NH4CNO^CO(NHa)8. 


MeiJhd‘—Tht usual method is to mix aqueous solutions of 
potassium cyanate and ammonium sulphate and evaporate to 
dryness. The urea is then extracted by alcohol. 

Heat 27*5 grams of finely powdered potassium ferrocyanide in 
a steam oven until the water of crystallization has been expelled. 
Mix the residue (24 grams) with 10 grams of anhydrous potassium 
carbonate in an iron crucible, and heat to fusion. When the 
mixture is fluid, add, in small quantities at a time, 56 grams of 
red lead, stirring with an iron rod (knitting needle) after each 
addition. When all the red lead has been added, pour the fluid 
mixture of potassium cyanate and lead on to an iron tray.' Crush 
the cold mass (store in a desiccator if not used at once), and 
extract it for a short time with a solution of 95 grams of ammonium 
sulphate in 100 c.c. of water, to which a few c,c. of ammonia solution 
have been added ; repeat the extraction with 50 c.c. of water. 

The reason for extracting directly with a solution of ammonium 
sulphate is to prevent, as far as possible, the decomposition of potas- 
sium cyanate, which always occurs when aqueous solutions of this 
substance are heated ; when the potassium cyanate dissolves it changes 
into ammonium cyanate, and from this into the more stable urea. 

Evaporate the combined extracts to dryness on a water-bath 
and dissolve the urea from the crushed solid residue by boiling 
for a short time with 100 c.c. of alcohol under reflux, repeating 
the treatment with 50 c.c. of alcohol, Boil off most of the alcohol 
from the combined alcoholic extracts and pour the remainder into a 
beaker to crystallize. The urea separates in longyicolourless prisms. 
If necessary, recrystallize from hot alcohol. Yield <r. 12 grams. 


Urea is readily soluble in water or alcohol, but nearly insoluble in 
ether; melting point 132®, 

I. Heat urea carefullyin a test-tube until it melts and ammonia can 
be readily detected at the mouth of the tube. Biure^is formed, 


tc«ether with a slight sublimate. 

/CONHj 


I As an alternative, the ^esinin cyanate may be prepared by adding 
carefully 70 giams of red leaW 25 grams of fused potassium cyanide. 
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Allow to cool, dissolve the residue in a little water, and add caustic 
soda solution. Then add a dilute solution of copper sulphate,^ drop by 
drop, to the contents of the testr tube, which first turn red, then violet, 
and finally purple in colour. {Biuret reaction^) 

If urea is strongly heated it is converted into cyanuric acid, which 
forms a sublimate on the sides of the test-tube. The final residue is 
inappreciable and there is no blackening. * 

2. Caustic soda^ or soda-lime^ liberates ammonia from urea, on 
heating. 

COtNHj)^ + 2NaOH = Na,CO^ + 2NH3. 

3. To a solution of urea add a solution of sodium hypohromite 
(freshly prepared from bromine and excess of caustic soda solution) ,* 
nitrogen is evolved with effervescence. 

COCNHj)^ + 3NaOBr = 3NaBr -f- + N* -I- CO3. 

The carbon dioxide is absorbed by the excess of caustic soda. 

4. Acidify a solution of urea with dilute sulphuric add and add 
sodium nitrite. There is a vigorous effervescence, due to the libera- 
tion of nitrogen and carbon dioxide. 

C0(NH,)2 -I- 2ON.OH = CO2 + 2N2 -I- 3H3O. 

Note.— T his is only a particular case of the action of nitrous acid 
on the -N Ha group. 

5. Urea is a mon-acid base. The nitrate and oxalate are readily 
produced by mixing a concentrated solution of urea with strong nitric 
acid and a strong solution of oxalic acid respectively. The salts 
are deposited as crystalline precipitates; they have j^e composition 
C0(NHa)a.HN08 and 2C0(NH2)2,C2H204.2H20 respectively. 

6. Aqueous solutions of urea are decomposed on boiling for some 
time ; the decomposition is accelerated by the presence of dilute 
mineral acids. 

A solution of qrea really consists of urea and ammonium cyanate 
in equilibrium. (A tenth normal solution at 100° contains about 5 per 
cent of Cyanate.) 

COCNHa),$NH,CNO.__ 

On boiling, the ammonium cyanate is gradually decomposed, thus 
disturbing w equilibrium, to restore which more urea transforms 
into cyanate, and so on. Finally all the urea disappears. 

NH4CNO + HjO = 2NH3 -t CO2. 

NH4CNO + H2O -H 2HCI = 2NH4CI + CO2. 
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HYDROCYANIC ACID {PRUSSIC ACID) 

HCN 

The anhydrous acid is a colourless liquid which boils at 26'’. It is 
generally met with in aqueous solution, which smells of bitter almonds, 
*and is only feebly acid. On exposure to light the solution decomposes, 
with the formation of ammonium formate (among other soluble com- 
pounds) and a brown deposit. 

The cyanides of the alkalies, alkaline earths, and mercury are 
soluble in water ; other cyanides are insoluble in water, but many of 
’ them are soluble in a sqlution of potassium cyanide, with the 
formation of complex cyanides. 

The alkali cyanides, if dry, are not decomposed by heat ; when 
moist, partial decomposition takes place, with evolution of ammonia 
and hydrocyanic acid All others are decomposed, but no blackening 
takes place. The cyanides of silver and mercury yield cyanogen 
(CN)2, which bums with a peach-blossom coloured flame. 

1. All cyanides, on being ignited with a caustic alkali ax soda-lime^ 
evolve their nitrogen as ammonia. 

2. Dilute sulphuric (or hydrochloric) acid liberates hydrocyanic 
acid from cyanides, which may be recognized by the smell of bitter 
almonds. 

‘Hydrocyanic acid is very poisonous^ so that this test should 
be carried out very cautiously. The student may safely learn what 
the smell of the free acid Is like by smelling a solution of potassium 
cyanide in water. Hydrocyanic acid is such a weak acid that its salts 
are hydrolyzed in aqueous solution, with the consequent formation of 
a smil amount of the free acid. 

KCN + HaO^KOH + HCN. 

X^yanides nearly always con Jain carbonate (due to tllfc action of 
the carbon dioxide and moisture of the air on the salt), so that the 
addition of the dilute held pnerally causes effervescence at first, due 
to the escape of carbon dioxide. 

KCN + HjSO* = HCN + KHSO4. 
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3. On warming a cyanide with strong sulphuric acid thc^itpogen 
is all converted into ammoniuiH sulphate, and carbon monoxide is 
evolved. . 

2KCN + 2H3SO, + 2H2O = K,S04 + (NH4),S04 + 2CO. 

4. Silver nitrate^ when added in excess to the solution of a cyanide, 
gives a white, curdy precipitate of silver cyanide, which is soluble in 
ammonia and potassium cyanide, but insolubl^in nitric acid! 

Add silver nitrate, drop by drop, to a solution of potassium cyanide. 
Each drop gives rise to a white precipitate, which dissolves on 
shaking up the contents of the test-tube. This is because of the 
formation of a soluble complex cyanide of potassium and silver. 

KCN+AgCN = KAg(CN)j. 

When the formation of this compound is complete, the further addi- 
tion of silver nitrate causes the precipitation of silver cyanide, according^ 
to the equarion— 

KAg(CN)a + AgNOj = 2AgCN + KNO,. 

Silver cyanide resembles silver cUoride very closely in appearance, 
but can be distinguished from it by the action of heat : cyanogen is 
evolved and metallic silver left. (Dissolve the reridue after ignition in 
nitric acid, £md add hydrochloric acid : precipitate of chloride indicate^ 
a q^anide.); It is also decomposed by prolonged boiling with con- 
cMtrated mtric acid. 

5. Plac^a small piece of the solid cyanide (or a little cMf the solu- 
tion) in a small beaker or evaporating dish, an4 add a few drops of 
dilute hydrochloric or sulphuric acid* Rinse out another lightly 
larger evaporating dish with a solution oi yellow ammonium sulphide^ 
and invert.it over the dish containing the cyanide. AUowto stand for 
a few minutes, wanning very gently. The hydrocyanic acid evolved 
from the (^ide is absorbed, an^ transforms the yellow ammonium 
sulfide ipto ammonium thiocyanate. 

HCN + (NH4)aS, = NH4CNS +.NH4HS. 

* 

Remove the upper evaporating dish, add a few drops of dilute hydros 
chloric acid and one drop of ferric chloride solution. A blood-red 
colour is produced, because of the thiocyanate formed. ^ 

JNH.CNS + Fea, =. jNH.Cl + Fe(CNS),. 

6. h^< 3 lliyodium or potassium hydropde vaA ferrous sulphate to the 
cypude solution, and boil Then ^d ferric chloride^ and acidify 
wito hydrochloric acid. Prusrian blue is produced. 

Fe(OH)3 + 6KCN = K^FeCeN, + 2KOH. 

3K4FeC,N4 + 4Fea, = Fe4(FeC4N,)8 4 - 12KCL 
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rf*yoti are at all doubtful whether Prussian blue has been formed, 
filter contents of the test-tube. The least trace of Prussian blue 
wll show itself on the filter-paper. * 

Special Note.— Mercuric cyanide does not respond to the ordinary 
tests for cyanides. The mercury must first be got rid of by means of 
sulphuretted hydrogen. 


HYDROFERROCYANIC ACID, 

H^FeCcN,. 

The free acid is obtained as a white precipitate by the addition of 
strong hydrochloric acid to a concentrated solution of potassium ferro* 
cyanide. It is not very stable, rapidly oxidizing in the air, with the 
.formation of Prussian blue. The most important salt is ferrocyanide 
^of potassium, which is also known as yellow prussiate of potash, 
because of its yellow colour. It crystallizes with three molecules of 
water of crystallization. It is noteworthy that the iron in the ferro- 
cyanogen radicle (or anion) is not precipitated by the ordinary re- 
agents for ferrous salts, by ammonium hydroxide. The reason for 
this is that the ferrocyanogen anion (FeC,N/"') is a typical complex 
ion ; it is very stable in solution, with the result that no ferrous ions 
(Fe") are formed from it, and since the ordinary wet tests for ferrous 
salts are tests for ferrous ions, it follows that ferrocyanides do not 
respond to such tests.^ 

The ferrocyanides of the alkali metals are soluble in water ; those 
of the heavy metals are insoluble in water and dilute acids. 

I. All ferrocyanides are decomposed by heat ; no blackening takes 
place. The gases evolved depend on whether the solid is anhydrous 
di not ; when not quite anhydrous, the smell of ammonia and hydro- 
cyanic acid may be noticed. 

3. On heating with d$/u/e sulphuric acid, hydrocy^ic acid i$ 
evolved. > 

3K*FeCeNe + 3H^O* = K8Fe(FeCeNe) + ^^304 + 6HCN. 

• 

3 . Concentrated sulphuric acidy under the action of heat, liberates 
carbon monoxide from ferrocyanides. All the nitrogen is tranrformed 
into ammonium sulphate. 

K*FeC,N 4 + 6 H 8 SO 4 + 6 H 3 O =^K8S04+ FeS04-f 3(NH4)aS04+6C0. 

4 . Ferric chloride gives a precipitate of Prussian blue wi# solutions 
of ferrocyanides. If the solutions, both of the ferric salt and of t|e 

^ For further information on the application of tlte theory of electrolytic 
^Ussodadon to qualitadve analysis the student is referred to any good modern 
text'book on inot^nic chmnstry. 


f 
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ferroqranide, are very dilute, the Prussian blue will ^lot be precipitated, 
but will remain in colloidal solution. 

3K,FeC,N, + 4FeCl3 = FedFeCBN,), + I3KC1, 

The precipitate is insoluble in dilute mineral acids, but it dissolves 
in oxalic acidy with the formation of a dark blue solution. It is decom- 
posed by caustic alkalies^ ferric hydroxide being precipitajted, and 
potassium ferrocyanide (if caustic potash is used) remaining in 
solution. 

Fe,(FeC,N,)3 + 12KOH ='3K,FeC,N3 + 4Fe(OH),. 

5, Ferrous sulphate^ if quite free from ferric compounds, gives a 
white precipitate of potassium ferrous ferrocyanide, which rapidly 
osdixes and turns blue. Usually the precipitate is light blue when 
first obtained, but it rapidly darkens. 

K^FeCeNa + FeSO, = K^FeCFeC.N,) + K^SO*. 

6t Copper sulphate gives a chocolate brown precipitate of copper 
ferrocyanide, which is insoluble in dilute acids and decomposed by 
alkalies. 

K^FeC^Ne + 2CUSO4 = CuaFeC.Ng + aK^SO^. 

7. Silvernitrate gives a white precipitate of silver ferrocyanide, 
which is insoluble in ammonia and in nitric acid. 

K4FeCeN3 +4AgN03 = Ag^FeC.N, + 4KNO3. 


HYDROFFRRICYANIC ACID, 

HjFeQNe. 

The commonest salt is potassium ferricyanide, KgFeCgNe, or red 
prussiate of potash. The alkali ferricyanides are soluble in water ; 
those of the heavy metals are insoluble in water and dilute acids. The 
ferricyanides, like the fenocyanides, are stable complex salts, and do 
not respond to tl^ ordinary tests for ferric salts. 

For the tes6^ make a fresh solution of potassium ferricyanide 
since the solufeoif - is slowly decomposed on exposure to light. The 
crystals used should iirst be washed, to free them from any super- 
fifial decompositi'e^ products. 

l. AH' ferricyanides are decomposed by heat {yide test i for hydro- 
fenocyanic acid). 

^ 3 , Concentrated sulphuric acid, on heating, liberates carbon mon* 
(He from ferricyanides, thp action being similar to that witl 
ferrocyanides. 

3. Ferric chloride produces a brown coloration but no precipitate, • 
sjpee the ferric ferricyanide formed is soluble io wateir» 
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4. Ferrous sulphate gives a dark blue precipitate of feirous 
ferricyanide, or Turnbull’s blue, which resembles Prussian blue in 
appearance. It is insoluble in dilute acids, including oxalic, but is 
decomposed by caustic alkalies. 

aKjFeCjNfl + 3FeSO, = Fe^CFeCeN^, + 3K,SO,, 

5. Copper sulphate gives a dirty greenish-yellow precipitate of 
copper ferricyanide, insoluble in hydrochloric acid. 

6. Silver nitrate gives an orange-coloured precipitate of silver 
ferricyanide, which is insoluble in nitric acid, but readily soluble in 
ammonia. 


KjFeCfiNa + 3AgN03 = AgyFeC.Ne + 3KNO,. 



CHAPTER VI 


CRAPE SUGAR, GLUCOSE, OR DEXTROSE 

C.HjjOe or CHj(OH).(CH.OHX.CHO 

Dextrose is readily soluble in water, crystalliiing from the solution 
in granular masses which contain one molecule of water of crystalliza- 
tion. The solution possesses a sweet taste, but not so sweet as that 
of cane sugar. It is dextro-rotatory. 

I. Hgated in a dry test-tube, ordinail^ dextrose (contaming one 
molecule of water of crystallization) melts at 86®, gives off water, and 
gradually blackens because of the liberation of carbon. A pungent 
odour of burnt sugar is emitted. 

Note. — The anhydrous compound, which is obtained by crystal- 
lization from absolute alcohol, melts at 146®. 

3. On adding strong sulphuric add to dextrose there is no 
charring in the cold. On heating, a yellow colour is produced, 
which gradually darkei^ if the heating is prolonged. If the dextrose 
is impure (ordinary commercial), charring takes place. 

3. Oh heating with caustic soda or potash the solution becomes 
dark brown {pf. cane sugar), 

4, To a solution of dextrose add a little copper sulphate solution, 
and then excess of caustic soda, A deep blue solution results, copper 
hydrate not being precipitated. On wanning the solution the glucose 
reduces the cupric salt and a precipitate of cuprous owde is 
obtained: This precipitate generally comes down first as the unstable 
ye(low raodificatioh, but it afterwards changes into the stable red form. 

Similar results are obtained if Fehlin^s solution is added to a 
solution of dextrose, and the mixture warmed, (Distincdon from cane 
sugar.) 

5, Add copper acetate and a few drops acetic add (Barfoed’s 
solution) to a solution of dextrose, and heat. Cuprous oxide is slowly 
precipitated. (Distinction from cane sugar.) 

6, Ammoniacal silver nitrate is reduced by dextrose, with the 
foifcation of a stiver mirror. The test must be carried out in the 
same way as indicated under tartaric acid. 

7. Dextrose yields an osazone. (Distinction from cane st^ar.) 

8. Although an aldehyde, dextrose does not affect ScbilTs reagent 



Cane Sugar 69 

aittCosazone,C4H,(OH)4.C(N.NHCeH,).CH(N.NHC,H,). 

Aldehydes and ketones react with ^^henylhydrazine) giving 
phenylhydrazones, eg. acetaldehyde gives acetaldehyde phenyl- 
hydrazone. 

CH^CHO + QHjNRNHa = CH,CH:NNHC,H, + H,0. 

Thd six carbon atom sugars, the hexoses, which are either 
aldehydes or ketones, also form phenylhydrazones (easily soluble 
in water), but the action very easily proceeds further. The 
phenylhydrazine oxidizes the alcoholic group next to the 
carbonyl to a second carbonyl group, and so a body is formed 
containing two adjacent - CO groups at the end of the chain; 
this so-called “osone” immediately condenses with two mole- 
cules of phenylhydrazine, giving an “ osazone,’^ These osazones 
give very valuable aid in the identification of the sugars, since 
they are crystalline bodie^and easily purified. 

CH 20 H(CH 0 H) 3 CH 0 H.CH 0 + QHjNaNHa 

= CH20H(CH0H)3C0.CH0 + C 3 H 3 NH 3 + NH,. 
CH30H(CH0H),CQ.CH0 - 1 - 2 QH 5 NH.NHa 

= CH30H(CH0H)3C(N.NHCeH3)CH(N.NHC«HJ. 

From the above equations it is evident that one molecule of 
a hexose requires three molecules of phenylhydrazine ; therefore 
the relative weights of hexose and phenylh^razine are 5 : 9, 

Dissolve 2 grams of glucose in 10 c.c^ of water, and add a 
solution of 4 grams of phenylhydrazine + 4 grams of glacial 
acetic acid in another 10 c.c. of water.^ Heat the mixhire in a 
wide test-tube on the water-bath for hours, when the osazone 
slowly separates out Filter off the precipitate, wash with water, 
then with a little alcohol, and drain well; recrystallize from 
alcohol. The glucosazone should be obtained jn golden yellow 
needles, of melting point 204®. (The heating for the melting 
point determination should be performed rather rapidly, as the 
osazone decomposes near its melting point.) Yield c, 2 grams. 

CANE SC/GAE, SACCHAROSE, OR SUCROSE, 

CjgHajOti* 

Cane sugar is very soluble in water, and crystallizes fmm^e 
solution in large monoclinic prisms ; it is only slightly soluble in 

’ If phenylbydra^e hydrochloride has to be osed, proceed as above, but 
for the second solution take 4 grams of phenylhydrazine hydrochloride + 6 
grams of sodium acetate in 15 c.c. of water. 
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alcohol. It melts at i6o^, and on cooling gives a non-crystalline mass 
of “ barley sugar.* If hegted to 200® it is converted into a dark mass, 
which is soluble in water, and known as caramd..* It is dextro- 
rotatory. 

1. When heated in the dry state, cane sugar melts, blackens, and 

emits the characteristic odour of burnt sugar \ a mass of charcoal is 
left behind. * 

2. Strong sulphuric acid rapidly chars cane sugar in the cold, 
carbon and sulphur dioxides being evolved. 

On adding strong sy^phuric acid to a concentrated solution of cane 
sugar, diarring rapidly takes place; the mixture sw^s up (it may pour 
over the sides of the test-tube), and steam, sulphur dioxide, and carbon 
dioxide are evolved. 

3. Solutions of cane sugar are not turned brown on being heated 
with caustic soda, 

4. Cane sugar does not reduce an alkaline copper solution or 
Fehlings solution {cf, the fourth test for dixtrose), although it gives a 
deep blue solution. If, however, the solution of cane sugar is tirst 
boiled for a short time with dilute hydrochloric or sulphuric acid^ it is 
converted into a mixture of dextrose and laevulose, and the solution so 
obtmned, after neutralization, will reduce the alkalme copper solution, 
or Fehling’s solution. The mixture of dextrose and laevulose is known 
as “invert sugar,” since it is laevo-rotatory, having a rotation of opposite 
sign to that of cane sugar. 

CijHgjOji H* HjO s + CflHjoOj. 

beinrosQ. Laevulos«. 

5. Barfoed^s solution is not reduced by cane sugar. 

6. Cane sugar does not yield an osazone. 


MILK SUGAR OR LACTOSE, 

, CjjkigjOu. 

Milk sugar is^^much less soluble in water than cane sugar, and 
crystallizes from solution in the form of hard white prisms with one 
molecule of water of crystallization. It is insoluble in alcohol The 
solution is not very sweet, and is dextro-rotatory. 

1. On being heated in a dry tube, milk sugar blackens, emits the 
odour of burnt sugar, and leaves a mass of charcoal behind. 

2. On adding concentrated sulphuric acid to milk sugar there is 
very little action' in the cold. On warming, the solution becomes 
yellow, and then darkens in colour till it is fjnally black. Carbon 
diowde and sulphur dioxide are evolved. 

3. Milk sugar reduces an alkaline copper solution, or Eehlings 
solution^ on warming, with the formation of a precipitate of cuprous 
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oxide. The reducing power is not so great as that of dextrose, 
consequently the reduction takes place much more slowly. 

4. Milk sugar yields an osazone. * 

MALTOSE, 

C,jH220h. 

Maltose is very soluble in water, and crystallizes from solution in 
colourless needles containing one molecule, of water of crystallization. 
The anhydrous substance is a vitreous, hygroscopic mass. It is 
practically insoluble in absolute alcohol, Tne aqueous solution is 
dextro-rotatory. 

1. On being heated in a dry tube, maltose gradually chars, an 
odour of burnt sugar being emitted. 

2. With concentrated sulphuric acid there is no charring in the 
cold. Charring takes place on heating. 

3. On warming with sodium hydroxide solution, the solution first 
turns yellow, and then brown. 

4. Fehling's solution is reduced somewhat more readily than by 
lactose. 

5. Maltose yields a characteristic osazone. 

Distinction between Dextrose^ Lactose, and Maltose.— li will be 
noticed that all three sugars respond to the tests (excluding that with 
Barfoed^s solution) which have so far been given, the only difference 
being that dextrose is the strongest reducing agent. Lactose is 
readily distinguished from the other two by the fact that it is much 
less soluble in water, and is only slightly swwt in taste. 

The following test may also assist in the identification ; but it 
should be pointed out that its reliability depends to a great extent on 
the concentrations of the sugar solutions used. 

To the sugar solution add a solution of lead jicetate, boil for a 
short time, and then add ammonium hydroxide till a precipitate is 
just formed; again boil The white precipitate becomes a salmon- 
pink, rapidly changing to a brovwish-yellow colour in the case of 
dextrose, and only a light, yellowish-pink in the case of lactose and 
maltose. The two latter sugars can then be distinguished from each 
other by theii taste and solubility. 

Osazone Teat— The sugars are best distinguished by the prepara- 
tion and microscopic examination of the osazones. On a small scale 
(test-tube reaction) the osazones are prepared as follows ; Take i c.c. 
of phenyihydrazine, i c.c. of glacial acetic acid, and 10 c.c. of water. 
Add 0*5-1 gram of the sugar and heat in a water-bath for half an 
hour ; allow to cooL ' Glucosazone separates from the hot solution, 
whilst lactosazone and maltosazone separate only on cooling. Filter 
off the crystals, examine them under the microscope, and compare 
with the diagrams on p. xiv. 
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STARCH (AMYLHAf), 

(CeHiAV 

Starch is a soft, white powder, which always contains a ccrtdn 
quantity of water. It is an organized body, as may be seen by exami- 
nation under the microscope, which shows it to consist of round or 
oval granules, which have a peculiar striated appearance. The 
shape of the granules varies with the kind of starch. The smallest 
starch grains are those of rice ; they are further characterized by 
being angular. Starch is insoluble in cold water, but on being boiled 
with water the granules burst, and their contents (the granulose) 
dissolve, giving a mucilaginous liquid, while the cell walls remain 
undissolved. 

1. On being heated in a dry tube, starch chars, giving off water 
and combustible gases, and emitting an odour somewhat resembling 
that of burnt sugar. 

2. On being warmed with strong; sulphuric acid^ the mixture 
blackens, sulphur dioxide and carbon dioxide being evolved. 

3. Mix a little starch into a paste with cold water. Pour boiling 
water on to this paste, and boil for a short time. Starch paste«(the 
mucilaginous liquid referred to above) is thus produced. Add a little 
iodine solution to some of the cold paste j a deep blue coloration is 
produced {the so-called starch iodide). The colour is destroyed by 
boiling the liquid, but reappears on cooling. 

4. If starch is boiled for a short time with dilute sulphuric add^ 
it is converted into dextrose. There are a number of intermediate 
products, the most impeurtant of which is dextrin, which gives a red 
colour with iodine solution. In order to detect fbe dextrin, the boiling 
with acid must only be continued for a very short time. 

Both dextrin and dextrose reduce Fehling*s solution, but dextrin 
will not reduce Barfoed's solution. 



CHAPTER VII 


Soheme for the Identificatioii of a single substance con- 
tained in the following list 

Methyl alcohol, ethyl alcohol, allyl alcohol, ohloro* 
form, iodoform, ethyl iodide, ethyl bromide, ethyl 
acetate, methyl oxalate, ethyl sulphuric acid, acetalde- 
hyde, formaldehyde, acetone, acetic acid, chloracetlc 
acids, formic acid, succinic acid, oxalic acid, tartaric 
acid, citric acid, hydrocyanic acid, palmitic acid, 
(m)ethylamine and tri(m)ethylamine, (m)ethylammor 
nium salts, acetamide, oxamide, acetonitrile, chloral 
hydrate, glycerol, urea, cane sugar, dextrose, lactose, 
maltose, starch, ferro- and ferri-cyanides. 

The substances may be in a pure state or in aqueous 
solution, or, in the case of acids and bases, in the form 
of salts. 

The difficulty of oi^anic qualitative analysis lies in the fact 
that the majority of organic compounds are non-electrolytes, and 
as such do not enter into reactions with the same ease as inorganic 
compounds. In inorganic qualitative analysis we can always 
distinguish bet^veen bases and acids, and test for each indepen- 
dently, Organic analysis admits of no such simplification, but we 
follow up the same lines in so far as we devise* typical reactions 
for different radicles. 

A systematic course of procedure should be adopted in all 
cases ; the method of “ proof by exhaustion,” 14. testing for each 
compound separately until the list has been exhausted, is not 
systematic, has no educational value, and should never be 
resorted to. 

A scheme of adalysis which should, sooner or later, lead to 
the classification and identification cf any of the commoner 
organic compounds is given on pp. 211-227; but a simpler 
scheme, and yet at the same time following, the main' lines of 
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the larger scheme, may be given to include those substances 
detailed above. 

Method of Procedure,— A number of preliminary testa are 
made for the purpose of a rough classification. These tests 
should be carried out very carefully, since a mistake in any one. 
of them may throw the student completely off the track. 

After the substance has beet) classified, a spedal method of 
treatment is adopted which should lead to an idea of what the 
compound really is; the characteristic reactions may then be 
applied in order to confirm the conclusions arrived at. 

Among the properties which should be specially studied are — 

1. Physical. — Odour, colour, crystalline form, solubility, 
boiling point, melting point. 

2. Special colour and precipitation reactions. 
Formation of derivatives and their characterization by melting 
point and boiling point determinations (solid derivatives are 
preferable, since they are more easily obtained pure). 

Preliminary Tests. — Colour. — ^The only coloured substances 
are: Iodoform, ferro^ and ferri-cyanides (the ferrocyanides of 
Zn, Pb, Ag, and Hg are white), salts containing metals such as 
Cu, Fe, etc. 

• State of Aggregation. — Liquid.— “Mzy be an aqueous 
solution, or, in the case of pure compounds, it may consist of 
alcohols (including glycerol), aldehydes, acetone, formic and 
dichloracetic acids, glacial acetic acid (if temperature above 17°), 
acetonitrile, ethyl iodide, ethyl bromide, esters (except methyl 
oxalate), chloroform. Salts of acids or bases, acids 

not mentioned above, amides, sugars, starch, methyl oxalate, 
iodoform, chloral hydrate. 

Odour.— Liquids with charactaisHc odour.— hX\ liquids 
mentioned above, with the exception of glycerol. Solids with 
characterktic odour. — Iodoform, acetamide, chloral hydrate,* 
glacial acetic acid, (potassium cyanide), mono an^ trichloracetic 
acids (on warming). 

Examination of a Liquid. 

The liquid may be either the pure compound, or it may be an 
Aqueous solution ; it is necessary to decide ^hich, straight away. 
If the liquid has no odour it is probably an aqueous solution^ since 
nearly all organic liquids possess an odour. 
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A. Solubility in Water.— The solubility of a liquid in water 
is easily tested by shaking it up with an equal bulk of water. If a 
homogeneous mixture is obtamed, U. if there is no formation of an 
emulsion, or no separation into two layers on standmg, the liquid 
is soluble. 

1. lusolublo Liquid.— Ethyl bromide, ethyl iodide, chloro- 
form, ethyl acetate. The odour gives a valuable indication in 
each case. Test for ike elements^ 

Chlorine indicates Chloroform, 

Bromine „ Ethyl bromide. 

Iodine „ Ethyl iodide. 

Apply confirmatory tests in each case, and take the boiling 
point. Remember that chloroform is non-inflammable, and that 
all three liquids are heavier than water. 

No halogen indicates ethyl acetate. Confirm by saponification. 
Ethyl acetate is lighter than water. 

2. Soluble Liquid.— May be a pure compound or an aqueous ' 
solution. The following liquids are soluble : alcohols (including 
glycerol), aldehydes, acetone, acetonitrile, formic acid, dichlor- 
acetic acid, ethyl sulphuric acid. Proceed as under. 

B. Test with Litmus.— 1. Acid reaction.— May be due to 
an acid, or to the hydrolysis of a salt of a weak base in solution. 

(a) Salt of weak These may be divided into three 
classes ; (a) The salts of the metals which give insoluble 
hydroxides aluminium) are distinctly acid in solution. (Silver 
salts form an exception.) ifi) The salts of ammonium, methyla- 
mine, and trimethylamine have only a very slight acid reaction in 
solution ; in fact, it is scarcely appreciable, (y) Salts of urea are 
hydrolyzed to a great extent, and give strongly acid solutions. 
On the addition of caustic potash the compounds in class (a) 
•will give a precipitate of the hydroxide of die metal, which may 
be soluble in excess. If no such precipitate js obtained, warm 
gently ; the amines may be distinguished by their smell and 
inflammability; ammonia may come either from ammonium 
salts or from salts of urea, which may be readily distinguished 
from each other by adding a pinch of NaHCOj to the original liquid, 
CO* will ])e evolveif with effervescence from the solution of the 
urea salt This, however, would not distinguish the urea salt from 
a free acid ; to do this, make alkaline with caustic soda, and add 
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a solution of sodium hypobromite ; nitrogen will be evolved 
from the urea (also from the ammonium salts ; but these have 
been distinguished by NaHCOj).' 

(i) An add.--\i the substance is not included under (a) it 
must be a free acid. The smell of volatile acids such as formic 
and acetic disappears on neutralization. « 

Neutralize and evaporate to dryness as above. Examine 
solid residue as on p. 83. 

2. AUcoline Beaotlon. — May be due to a free base or to the 
hydrolysis of the salt of a weak acid. 

(a) Free hose indicated by the smell. Ammonia, methylamine, 
and trimethylamine. Heat, and test inflammability of the tapour. 

{b) Salt of weak acid.-^ Evaporate to dryness on a water-bath, 
and test residue as on p. 78 (Remember that the solution of a 
cyanide smells of HCN.) 

C. If the liquid is neutral, to a portion of it add an equal 
bulk of anhydrous potassium carbonate^ and shake well. The 
alcohols, acetone, ethyl acetate (soluble in 17 parts of water), 
and acetonitrile are salted out^’ from aqueous solutions in this 
manner, and form a distinct layer on the surface of the carbonate 
solution. Separate off the liquid and apply the appropriate tests 
given under F, first testing for nitrogen to distinguish acetonitrile. 
Dry a little of the liquid with more potassium carbonate, and 
take the boiling point 

D. Distil another portion of the liquid. (At the same 
time commence E.) If the liquid is a pure compound it will distil 
over at a constant temperature* (note the boiling point); if it 
is an aqueous sedation, the boiling point will gradually rise, and 

* If the evidence points to a salt of urea, add an excess of solid K3CO, and 
then absolute alcohol. Shake well. If the alcohol is not salted out ** add 
more carbon^e. The alcoholic layer will contain some of the urea in solution. 
Separate, evaporate off the alcohol on a ^vater bath, and carry out the biuret 
test for urea. 

* It would be more correct to say that the main partioft of the liquid will 
distil over at a constant temperature, since the temperatures at which the first 
and last portions distil will be affected by traces of im;^arities. Moreover, even 
if the liquid were quite pure, the first portion would appear to come over at a 
temperature lower than the true boiling point, owing to the heat used up in 
warming the thermometer (see p, 4). 
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from the temperatures at which the main portions come over, 
some indications of the substance may be obtained. 

This test may be somewhat indefinite in the case of an 
aqueous solution of allyl alcohol, since allyl alcohol boils at 96®, 
but test C would already have indicated a solution in this case. 

E. Evaporate a portion of the liquid down on the 
water-bath. 

Solid residue.— Examine by methods given later, but 
remember that, formaldehyde, which is recogni2able by its 
odour, leaves a solid residue of paraformaldehyde. Test for 
formaldehyde as under F, 

Syrupy residue ; Neutral . — Glyceroi Apply the special tests. 
k 6 A.—Dichloracetic acid; sulphuric add from ethyl hydrogen 
sulphate. (Acetic add; not syrupy, and distinguished by smell.) 
Test for acids, as given on p. 83. 

Completely volatile.— Alcohols, acetaldehyde, acetone, aceto- 
nitrile, ethyl acetate, amines, formic acid, (acetic acid), hydrocyanic 
acid (not probable). In each case the smell gives a valuable 
indication. 

F. Ezamination'of completely volatile liquid. 

(a) If acid,' test for formic, acetic, and hydrocyanic acid as 
on pp. 17, 19, and 63. 

Note,— A solution of hydrocyanic acid is practically neutral. 

iff) Jlethylamine and Trimethylamine are immediately 
recognized by their odour. Distinguish between them, as given 
on p. 48. 

Acetaldehyde (and Formaldehyde).-Apply Schiffs reaction; 
formation of a mirror with ammoniacal silver nitjate. Distinguish 
between formaldehyde and acetaldehyde by oxidation to formic 
and acetic acids respectively. 

Acetone and Ethyl AlcohoL-Iodoform test. Then distinguish 
between the two, using ammonia and iodine instead of caustic 
soda and iodine; acetone gives iodoform under these conditions. 
The odour is also distinctive. Other confirmatory tests as given 
on pp. 22 and 36. - 

Acetoiiitrile.-Djgest with cone. HCl under reflux condenser 
until it disappears. Make alkaline with NaOH and warm— NH, 
evolved. Test residue in flask for acetate. 
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Reduced with Na in alcoholic solution, ethylamine is 
produced. 

Ethyl Acetate.— Distil with caustic soda. Ethyl alcohol col- 
lects in the receiver and sodium acetate is left in the flask. 

AUyl Alcohol.— Bromine water decolourized; also alkaline 
permanganate reduced. (Remember that aldehydes and acetone 
also decolourize alkaline permanganate, but Aese compounds 
have already been tested for.) 

Methyl AlcohoL— Apply tests given on pp. 21-22. Also the 
formation of methyl salicylate on warming with salicylic acid 
and 


Examination of a Solid, or Solid Residue. 

L Ignite on Platinum foil until all carbon has been burnt 
off. Note odours evolved, and whether the substance chars with 
or without melting. A residue indicates the presence of— 

(a) A salt of: a carboxylic acid, ethyl sulphuric. acid, hydro- 
cyanic acid, hydroferro- or hydroferri-cyanic acid. 

Remember that ammonium salts are volatile, as also are 
mercury salts (after decomposition). 

(^) A bisulphite compound of an aldehyde or acetone. 

To the residue apply the following tests : — 

(1) Flame test. Na, K, Ca, Sr, Ba. 

(2) Action on litmus. Alkaline reaction from carbonates of 
alkali metals and txides of alkaline earth metals. 

(3) Test for a sulphate. Salt of ethyl sulphuric acid. N.B. 
Some sulphate nAy have been reduced to sulphite or sulphide. 

(4) Test for a sulphite. If found, identify the aldehyde or 
ketone.^ Set free the aldehyde or acetone by warming with 
NajCOi solution; note the 'odour. Try iodoform reaction foi 
acetone and acetaldehyde, and distinguish between these two 
by distilling a little into a test-tube containing water, and testing 
with Schiff’s reagent for aldehyde. 

(5) Test for a cyanide. Cyanide, ferro- or ferri-cyanide. 
N.B. Certain cyanides are decomposed by heat. 

1 A sttlphite may also lesalt firom the ignition of a salt of ethyl sulphutic 
add (see (3)). 
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(6) Group tests for metals, if necessary. Note if the residue 
is coloured or not. 

In the case of negative evidence from (3) and (4), apply the 
tests for acids (p, 83), after doing the tests for elements (IV. A. 
and B.) in order to detect the chloracetic acids (halogen present), 
and cyanides, ferro- and ferri-cyanides (nitrogen and metal 
present)* 


IL Heat in a dry tube. 

[a) Charring and charac- 
teristic odour of burnt 
sugar. 

Charring, and irritat- 
ing vapours. 

(c) Irritating vapours and 
sublimate. No, or only 
very slight, blackening. 
{d) Ammonia evolved. 

(e) Indammabie gas 
evolved, which burns 
with (i) a peach-blos- 
som coloured flame, (2) 
a luminous flame. 

(/) Completely volatile. 


Tartrates, sugars, starch. 

Citrate. 

Succinate. 


Urea and cyanides. Oxamide. 
(i) Mercuryand silver cyanides, 
(2) Salt of ethyl sulphuric 
acid ; bisulphite compound 
of aldehydes or acetone. 

Excludes salts (except am- 
monium and mercury salts 
and salts of the amines), 


IIL Heat with soda-lime. 

(a) Most nitrogen bodies evolve ammonia (see p. 8). 

(b) Carboxylic acids lose COg and give the hydrocarbon, 
formates give hydrogen, acetates give methane, succinates give 
ethane. 


IV. A. Test for the halogens with Cu wire test. 

B. Test with sodium for the elements present. 

Elements present (other than C, H, and 0 ) — 

ChlothaQ,— Chloral hydrate.— VI, d. Then confirmatory 
tests, p. 39. Hydrochloride of amine.— Chlor- 
acetic acids , — See acj^i tests, XII* 

Iodoform,— Cov&im (colour, odour, etc.)* 
nitrogen.— Ammonmni salts^ amines, amides, cyanides, ferrch 
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and ferri-cyanides, nitrates (inorganic nitrates will not give NaCN). 
See VI. and VII. 

Kltroseon and Halogen. — Halogen acid salt of an amine. 
Sec VI. and VII. 

Sulphur.— Salt of ethyl sulphuric acid. Bisuli^te compound 
of aldehyde or ketone (already found). 

Hitrogen and Sulphur.— Sulphate or sulphite of an^ amine. 
See VI. and VII. 

V. Test solubility in water.— The solubility of a solid is 
tested by shaking it up with water ; if readily soluble it will pass 
into solution at ordinary temperatures. If it does not applar to 
dissolve, warm gently. If in doubt, filter off from the solid 
(or decant), and evaporate a little of the clear liquid to dryness on 
the water-bath, using a watch glass to hold the liquid. 

If the substance dissolves, test the solution with litmus, and 
proceed as on p. 75. It is easy to decide whether an acid reaction 
is due to the free acid, since salts, with the exception of ammonium 
and substituted ammonium salts, salts of mercury and urea, and 
methyl oxalate,® would leave a residue jjp test I, To test the 
reaction of a substance which is difficultly soluble, put a little of 
the solid on a strip of litmus-paper, moisten with water, and leave 
for a short time. Then wash off, and note the colour. 

The insolvhk bodies are : Iodoform (see IV. B) ; oxamide (see 
VII.); palmitic acid (melts on wanning with water; lighter 
water) (see VI. ^); starch (gelatinizes on boiling); certain salts. 

VI* Heat with concentrated caustic soda solution. 

(a) Ammonia evolved. Ammonium salt, urea, acet- 

amide, oxamide. 

(b) AmmoniJcal odour Salt of (m)ethylamlne. 

(very slightly fishy) ; 
inflammable gas. 

(^) Fishy odour; inflam' Salt of tri(m)ethyjamine. 
mable gas. 

' Urea nitrate and oxalate are not very soluble j If their presence Is 
infened frcwn the tests given on p, 79, the urea may be extracted &<hii the 
suspension of tlmalt in water, witLaut any difficulty, the method given. 

’ Methyl oxalate is so readily hydrolysed in aqueons soladon that the 
jdutum reacts acid and gives the reactions of oxalic acid. 'Ibc methyl alcohol 
mky be detttted by ffistillation with caustic 
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{i) Odour of chloroform. Chloral hydrate ; trichlor- 
acetic acid or salt. 

(!) Alcoholic odour. Methyl oxalate.^ 

if) Solution turns brown. Glucose; lactose ; maltose. 

if) Dissolves without evo- Palmitic acid, 
lution of gas ; repre- 
cipitated by the addi- 
tion of hydrochloric 
acid. 

(/;) Resin formed. Aldehyde bisulphite com- 

pound. 

♦ 

VII. ClasBiflcation of compounds containing nitrogen. 
—These are ammonium salts^ salts of the amines, amides, and 
cyanides. The amines have already been detected by their odour, 
and the cyanides are distinguished by the fact that besides nitrogen 
they also contain a metal; they have already been indicated in 
I. 5 , II,, IIL, IV. B, In this latter case, test straight away for 
cyanides, ferro- and ferti-cyanides, after doing VIII. and X., 
remembering that silver and mercury cyanides require special 
treatment, but indications of their presence have been obtained in 
Ihd, 

It only remains to distinguish between ammonium salts, and 
amides— oxamide, acetamide, and urea. 

(a) Circa is tested for spedally by means of the biuret 
reaction. 

{b) Heat with a solution of caustic soda until all the ammonia 
has been driven off. Neutralize the excess of caustic soda and 
test the solution for — 

Oxalio Acid.— Presence indicates oxamide or ammonium 
oxalate. The former is insoluble, the latter is solible in water. 

Acetic Add.— Presence indicates acetamide or ammonium 
acetate. The former is distinguishable by its odour, and also by 
its melting point (8a®). 

If an ammoftium salt is found, proceed with the acid tests. 

VIII. Heat with dilute sulphuric acid. 

(a) The substance is 

soluble m*water, but 

’ One would expect a salt of ethyl sulphuric acid to act in the same planer, 
but 1® connection see p. 24. 
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a f»ecipitate is ob- Salt of palmitic acid 
tained on adding the 
acid. The precipi- 
tate melts on warm- 


ing. 

ip) Smell of vinegar. 

(f) Odour of fitter al- 
monds. 

{d) Odour of an alcohol. 


Formate, acetate. 

Cyanide, ferro- and ferri- 
- cyanides. 

Methyl oxalate; salt of 
ethyl sulphuric acid. 


IX. Solid and concentrated sulpliario acid.-^rind 
with pestle in a mortar. Characteristic odours of formic and acetic 
acids. 


X. Add cold cone, sulphuric acid, and warm. 

Ik Cold. On Warmjng. 


No char- 

No char- 

Odour of vinegar. 

Acetates and 

ring. 

ring. 

CO evolved. 

CO evolved and liquid 
becomes turbid. 

CO and CO2 evolved. 

chloracetates. 
Formate, Cyan- 
ide. 

Fenoqyanide, 

Ferricyanide. 

Oxalate. 

No char- 

Slowly 

Irritating acid fumes. 

Succinate. 

ring. 

darkens. 



No char- 
ring. 

Chars. 

Fragrant smell, ethy- 
lene evolved (bums 
with a luminous 
flame), and then SO2. 

Ethyl sulphate. 

Yellow 

Grjdual 

CO2 and SOa evolved. 

Dextrose, lac- 

solution. 

charring. 


tose, maltose, 
starch, tartrates. 

No char- 

Gradual 

G 0 , CO2 and finally 

Citrate. 

ring. 

charring. 

SO2 evolved. 

• 

Chars. 

Chars 

CO2 and SO2 evolved. 

Cane sugar. 


very 

rapidly. 

Odour of burnt sugar. 



It now rem^ for the student to distinguish between the 
adds and the sugars, together with starch and methyl oxalate. 
jBtaroh should have already been detected by jdie fact that it is 
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insoluble in cold water, but gelatinizes with hot water. It does 
not melt on Pt. foil. Confirm, 

Methyl Oxalate. — Indications of the presence of this com- 
pound should have been found by V., VI. and VIII. d. The 
aqueous solution will give the ordinary tests for oxalic acid. 
Distil with caustic soil and test for methyl alcohol in the 
distillate. Confirm by melting point, ^and by formation of 
oxamide with concentrated ammonia. 

XI. Sugars. 

Cane Sugar is immediately distinguished from dextrose and 
lactose by the fact that it does not reduce Fehling’s solution 
unless it has previously been inverted by acids. 

Dextrose, Lactose, and Maltose are distinguished as given 
on p. 71. 

XII. Acids. 

Ethyl Sulphuric Acid has been detected by E, 1 . 3, \\,d, IV. B, 
VIII. dy and X. Confirm by adding HCl and BaClg. There is 
no precipitate in the cold, but on boiling, a white precipitate of 
BaS04 is formed. Also digest with 10 per cent. NaOH under 
reflux and then distil one-third. Test distillate for alcohol and 
residue for sulphate. 

Chloraoetie Acids already detected by E, IV., VIIL, and X. 
Do confirmatory tests, '' 

Cyanides, Ferro- and Ferri-oyanideB.—Distinguished from 
the other acids by the fact that the salts confe nitrogen as well 
as a metal (p. 81). Indications of their presence have been 
obtained by I. 5, II. c, IV. B, VIII., and X. 

In the case of soluble salts these acids are readily distinguished 
by the action of silver nitrate, ferric chloride, and ferrous sulphate. 
(Silver and mercury cyanides have to be test& for separately. 
See pp. 64-65.) 

Silver Nitrate. 

White precipitate, insol. in 
nitric acid. 

Orange precipitate, insol. in 
nitric acid. 

Ferric Chloride, 

Prussian blue. 

Ferrous Sulphate. 

Tumbuirs blue. 


Cyanide, Ferrocyanide. 
Ferricyanide. 

Ferrocyanide. 

{'erricyanide. 



84 


Organic Chemistry 


Treatment of Insoluble Cv'anides, Ferro- and Ferri- 

CVANIDES. 

All tte simple (^anides are decomposed on boiling with con- 
centrated HCl into metallic chlorides and hydrocyanic acid. 
(Silver cyanide gives AgCl on boiling with aqua regia.) 

All insoluble ferro- and fern-cyanides may be decompbsed by 
boiling with a strong solution of caustic soda, then adding a little 
sodium carbonate and again boiling. The metals which give 
hydroxides insoluble in excess of alkali (Cu, Fe, etc.) will be pre- 
cipitated as hydroxides, and sodium ferro- or ferri-cyanide will 
remain in solution. Filter, acidify the filtrate with hydrochloric 
acid, and test for ferro- and ferri-cyanide^. Dissolve the hydroxide 
in hydrochloric acid and apply the usual group tests. 

Ferro- and ferri-cyanides of Zn, Al, Pb, etc., will dissolve 
completely in the strong solution of caustic soda. To distinguish 
between ferro- and ferri-cyanide take some of this solution, add 
(i) ferric chlonde, and acidify (a precipitate of Prussian blue 
indicates a ferrocyanide) ; (2) fenous sulphate, and acidify (a 
precipitate of TumbulVs blue indicates a ferricyanide). 

Acids containing only C, H, and 0. 

If the acids are present as salts of the alkali metals (including 
ammonium) the usual tests may be applied to tlie solutions. If 
present as free acids, fiirst neutralize with sodium carbonate. In 
all other cas^ it is necessary to replace the metal by Na (or K) 
before the add tests are carried out In most cases this can be 
done by boiling the solution or solid with excess of sodium 
carbonate and then filtering to remove the carbonate of the 
heavy metal. The filtrate is then made just acid to litmus-paper, 
by the addition (Jf dilute nitric acid (boil to drive oflT COj), and 
then made neutral by the careful addition of dilute ammonia. 

In some few cases, antimony in tartar emetic, sodium car- 
bonate will not remove the metal. The method of procedure is then : 
dissolve the substance in HCi and pass in sulphuretted hydrogen. ' 
Filter off the sulphide of the metal, make the filtrate alkaline with 
ammonia, and again pass sulphuretted hydrogen. Filter from any 
prec^ltated sulphides, make filtrate acid with hydrochloric acid and 
boil to expel sulphuretted hydrogen. Then neutpalize as above.^ 

' Since the solation contains hydrochloric acid, the test with silver nitrate on 
p. S 5 cannot be applied. 
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If tbe solution becomes too dilute during these processes it 
should be concentrated before carrying out the tests. 

To the neutral solution add— , 

Calcium Chloride. 

Immediate white precipitate, insoluble Oxalate, 
in acetic acid. 

White precipitate, after shaking well; Tartrate, 
soluble in acetic acid. 

White precipitate on boiling for a short Citrate, 
time. 

Silver Nitrate. 

White precipitate, turning black on Formate, 

warming. 

White precipitate, soluble in nitric acid. Acetate, oxa- 
late, tartrate, 
citrate. 

Ferric Chloride. 

Red colour; brown precipitate of a basic Formate, ace- 
salt, on warming. tate. 

Brown precipitate, partly soluble in Succinate* 

ammonia. Filtrate gives a white 
predpitate with BaCIs and alcohol. 

In each ase apply the usual confirmatory tests. 

Palmitic Acid has already been detected by VI. a. Confirm 
by tests on p. 40. 
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CHAPTER VIII 

PURIFICATION OF NINETY PER CENT. BENZOLE BY 
REPEATED FRACTIONAL DISTILLATION 

The 50 per cent, and 90 per cent, benzoles of commerce are 
mixtures of benzene with homologues, chiefly toluene, and also a 
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little thiophene. The homologues 
ail boil at a higher temperature 
than benzene; consequently, by 
repeated distillations performed 
in a proper manner, most of the 
benzene can be separated from 
the impurities, excepting thio- 
phene. Fractionating columns 
(Fig. *17) are of great assistance 
in such distillations, because they 
cause an increased amount of 
condensation of the vapour, and 
so assist in keeping the higher 
boiling homologues behind in the 
flask while the benzene passes 
over. The fractionating column 
in its simplest form is a straight, 
wide glass tube, with obstacles at 
intervals to prevent the vapour 
making an unimpeded rush to 
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such a rate that the distillate falls from the condenser in dropis 
Uiat can be^ easily counted. The thermometer reading should be 
noted continually, and the distillate* coming over at %iff<?rent 
ranges of temperature should be collected in separate dry flasks 
or test-tubes; a suitable set of fractions to collect is: 79^-83®; 

9 ° “’ 95 '^i 95^-100°; ioo°-ii5®. The residue in 

the flask is rejected. By redistilling the above fractions it is intended 
to get as large a quantity as possible of fairly pure benzene, 
boiling at 79°-82®. To do this, place the first fraction a in 
the flask and redistil; the portion dialling below 79® ca® be dis- 
carded.; as soon as the thermometer reading reaches 82“, add the 
second fraction b to the contents of the flask, and distil till the 
thermometer again reaches 82®; again add the fraction, <*, and 
distil till, 82® is reached. Change the receiving vessel and 
label the distillate A. The remaining fractions contain so 
little benzene that practically nothing more will distil below 
82®. To the residue in the flask add the fraction dy and boil 
till the temperature of the vapour reaches 100®, . when the distillate 
obtained should be labelled B ; add fraction c to the residue in 
the flask and distil, collecting separate fractions, ioo®“io8® (C) 
and io8®-ii3® (D). 

The fraction A is redistilled ; the part distilling between 80® 
and 81®, which should be collected separately, is almost pure 
benzene, but contains a trace of thiophene (C4H4S). To remove 
this thiophene, the benzene i^ mixed with one-tenth its volume of 
concentrated sulphuric acid, warmed in warm water, and shaken 
well ; it is then separated off and shaken wiih a fresh quantity of 
suljdiuric acid. After separating from the acid, the benzene is 
shaken with water to remove traces of acid, again separated, and 
then dried over fused calcium chloride., To obtain it quite pure 
it is frozen by placing it in a beaker and coolinj by immersion in 
ice ; any mother liquor remaining should be drained off, and the 
remaining crystals should be rapidly pressed between absorbent 
paper and then immediately returned to the beaker; the aystals 
are pure benzene, and the liquid obtained when they melt should 
be put in a stoppered bottle and labelled. 

Pure benzene melts at 5*4®, and boils at 80*4® ; it has a specific' 
gravity of 0*883 at 15®. 

lltc purity df the specimen obtained above should be tested by the 
boiling point and specific gravity. Also, when a crystal of isatine is 
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stirred into a mbcture of a drop of the benrene with a drop of strong 
sulphuric acid on a glazed tile, no colour should be develops (showing 
absence of thiophene), l^epcat this test with crude benzene, when a 
dark blue liquid is obtained (the “indophemn” test). A. crystal of 
phenanthrenequinone mixed with crude benzene and sulphuric acid 
likewise gives a bfue colour, which is not obtained with pure benzene. 

Fractions B and C obtained above, consist of misses of 
benzene and toluene, which could be separated, if necessary, by 
still further repeated fractional distillations, but they may now be 
rejectedi Fraction D consists chiefly of toluene. It is redistilled 
(stHl using the' fractionating column), and the fraction from 
io9*5®-'iio’5‘* collected separately; this is toluene containing a 
little me&yl thiophene (CHsCjHgS). The latter is removed by treat- 
ment with strong sulphuric acid, as with benzene, and after washing 
and drying, the pure toluene is redistilled. The boiling point of 
the pure liquid is 110*3°, and the specific gravity 0*870 at 15°. 

Fractional Distillation under Reduced Pressure.— 
In practical work substances often occur which could be con- 
veniently purified by distillation, if it were not for the circum* 
stance that they decompose to some extent at their normal boiling 
point. Id such cases the distillation can frequently be successfully 
performed under reduced pressure, because then the temperature 
required is much lower. For such d istillations the special apparatus 
necessary is a water-pump, thick-walled rubber tubing, ^ ^^^ 0 - 
meter, and a brandied tube for collecting the fractions (see Fig. 18), 
For practice, a mixture of water with twice its volume of glycerol 
may be taken. Fill a distilling flask to about one-third with 
the mixture, fit the side tube into the neck of the branched tube, 
to each leg of which a small round flask is attached by means of a 
rubber bung, and attach the side arm of the branched tube to the 
pump and manometer by the rubber tubing. Fit the neck of 
. the first distilling flask with a two-holed bung (N.B. As india- 
rubber bungs melt readily, corks must be used in cases where the 
temperature is likely to be high), carrying a thermometer which 
reaches just below the side tube, and a piece of ordinary glass 
tubing drawn to a capillary jet at the lower end, which reaches to 
the bottom of the flask.^ Start the pump working, and regulate 
the passage of air down the capillaiy tube by means a short 
piece of rubber tube and a screw clip, so that a very fine stream of 
bubbles passes into the liquid ; this stream of bubbles will greatly 
^ In orda to enable the more convenient use of a one-holed bung, the 
thermometer may be placed completely inride the piece of glass tubing. 
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facilitate the boiling and prevent bumping. For the distillation 
of liquids which are easily oxidized, it is H)bvious that thjB stream 
of air must he displaced by one of an inert gas. Place the flask 
in an oU-bath, and when, the pressure reaches about 30 mm., 
begin to raise the temperature. The water begins to boil oflf at 
a very temperature, and to some extent passes uncondcnsed 
straight to the pump, but most of it collects in one of the receiving 
flasks. When all the water has distilled, the temperature is further 
raised; a point is soon reached when distillation occurs at a 



constant temperature.' The branched tube is then rotated so that 
a fresh flask receives the distillate, and the distillation is continued 
till the thermometer once more begins to rise in a marked manner. 
The constant boiling point and the pressure are both noted. Most 
of the liquid will now have distilled ; the residue on further heat- 
ing, wiU give a third fraction, which should be collected in the 
third receiving flask, The middle fraction then contains pure 
glycerol ; the other two contain more or less impurity, and should 
be rejected, llie glycerol obtained should be colourless and have 
no pungent odour of acrolein. 


» la most vacuum dStUlations the boiUng poiut of the main fractioa of the 
distillate is so lugh that Urn side tube of the flask suffices for the condmmtma of 
the vapour, but if it is necessary, a smaU condenser jacket should be 
over the side tube so that it may be continually cooled by a stream .of cold 


water. 
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. , In all such distillations under reduced pres^e the boiling 
point of the main frat^on and the pressure registered by the 
manometer should be carefully noted. * 

Glycerol ^boils under 760 mm. at a temperature of 290®, at 
the same time undergoing a certain amount of decomposition; 
imder a pressure of 12 mm, it boils without decomposition 
at 170®. 

Nitrobenzene, QH^NO*. 

JThe aromatic hydrocarbons differ in a very marked manner 
from the fatty hydrocarbons, in that they readily react with 
concentrated nitric acid giving nitro compounds; thus benzene 
gives nitrobenzene. 

NOjOH + CeHe = QH^NO, + H^O. 

In the actual preparation of nitrocompounds it has been found 
that the presence of sulphuric acid greatly aids the interaction, pre- 
venting side reactions, and increasing the yield very considerably, 
on account of its dehydrating action. In the preparation of 
nitrobenzene, the yield is also increased by using more than the 
theoretical quantity of nitric acid, but under these circumstances 
care has to be taken to prevent the temperature rising too high, 
or else comparatively large quantities of dinitrobenzene are also 
formed. 

150 grams (80 c.c.) of concentrated sulphuric acid and 100 
grams (70 c.c.) of concentrated nitric acid are carefully mixed in , 
a flask and the mixture Qooled by immersion in water. 50 grams 
(58 c.c.) of benzene are added to the cold mixture, in^ small 
portions at a time, shaking well after each addition. Duxfbg this 
process a thennemeter should be kept in the liquid, and the 
temperature kept constantly below 50® by judicious cooling in 
cold water, TOen all the benzene has been added, a vertical 
air condenser is fitted into the neck of the flask, and the latter 
is heated for an hour in a bath of water at 6o^ shaking the 
flask from time to time. 

The contents of the flask are then poured into a large separa- 
ting funnel, and water is added till remaining acid mixture 
is so dilute that, on shaking, the nitrobenzene «inks to the bottom; 
the nitrobenzene is then separated from the add mixture, and 
shaken in the funnel with an equal bulk of water; it is again 
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separated, and shaken with an equal bulk of dilute sodium carbonate 
solution ; once more it is washed with water, then transferred to 
a flask, and dried by adding a few pieces of calcium chloride, and 
warming gently, till the liquid becomes clear. It is then carefully 
decanted into a distilling flask and distilled, using a stfaight glass 
tube as air condenser. The fraction distilling at 206^-209®, which 
should constitute the chief part of the liquid, is the nitrobenzene. 
Yield c. 60 grams. 

Pure nitrobenzene is a yellow liquid, of specific gravity I'zog 
at 15® It boils at 209®. 


m-Bmitrobenzene, 


NOo 



If benzene is allowed to react with a hot mixture of fuming 
nitric acid and concentrated sulphuric acid, meta dinitrobenzene 
is obtained, together with smaU quantities of the ortho and para 
dinitrobenzenes ; the same result is obtained if nitrobenzene be 
treated in the same way, and in this case the product is purer.^ 
To purify the crude product it is recrystallized from alcohol, in 
which the ortho and para bodies are more soluble than the meta, 
and so are removed. 


QH,NOa + HONO3 = CeH/NOa)^ + H^O. 

A mixture of 44 grams (30 c.c.) of fuming nitric acid with 44 
grams (24 c.c.) of concentrated sulphuric acid is taken in a flask, 
and go^grams (25 c.c.) of nitrobenzene are added, and the whole 
well ; the flask and its contents are then heated on a 

boiling w^^'bath for half an hour, and then for the same time 
on a sand^atb, never allowing the mixture to reach its boiling 
point. At 4 ie end of this time a little of the liquid, on pouring 
fcto cold water, should set to a hard mass if the reaction is com- 
plete. When this is so, the contents of the flask are poured into 
a litre of water and stirred well. The separated dinitrobenzene 
is filtered off and dried. Yield c 40 grams. One-third of the 

* It is uscfbl to remembei that the presence of any one of the groups NO^ 
CN, COOH, CHO in a .benzene ring generally causes the next substituting 
group to alter In the meta position to the group originally present, while the 
presence of cithet Cl, Br, I, OH, or NH, causes the formation of a mixture 
of die ortho and para disubstituted derivatives in varying proportions. 
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pjroduct should be purified by recrystallization from alcohol; the 
remainder is reserve for the preparation of xp-nitranilirie. 

m-Dinitrobenzene is solid, crystallizing in long yellow needles 
which melt at 90® and boll at 303®. It is insoluble in water. 

Reduce a little m'dinitrobenzene to w-phenylenedia- 
mine with tin and hydrochloric acid. Dilute, and add a little 
potassium nitrite (Solution. A brown coloration or precipitate 
of Bismarck Brown is produced. 

Aniline, QH,NHa. 

On reduction, nitro compounds yield amines ; for the reduction 
of nitrobenzene as a laboratory experiment, the nascent hydrogen 
which is to act as reducing agent is usnslly obtained from tin 
or zinc and hydrochloric acid. 

CaH^NOs + 6H = + zHA 

According to the equation, since i atomic weight of tin can 
produce 4 atomic weights of hydrogen (the tin forming first 
stannous and subsequently stannic cWoride), iiB grams of tin 
will be capable of reducing Ba grams, or approximately two-thirds 
of its own weight, of nitrobenzene ; a slight excess of tin, however, 
is generally used. 

Into a 500 c.c. flask introduce 90 grams of granulated tin 
and add 50 grams (42 c.c.) of nitrobenzene. Fit the flask with 
a glass tube to act as a reflux condenser, pour in 20 c.a of 
concentrated hydrochloric acid, and shake together till the 
mixture boils; the reaction should then be moderated by im- 
mersing the flask in cold water. When the boiling has ceased, 
add another 20 c,c. of hydrochloric acid, again shake, and 
when boiling occurs, again moderate the action. Proceed in 
this way till 200 c.c. of concentrated hydrochloric acid have 
been added. The air condenser is then removed and the flask 
is heated on a water-bath for an hour or so, till the odour 
of nitrobenzene has disappeared. Pour the liquid into a large 
flask (a 1. capacity), and rinse out the flask by the addition^ of 
100 c.c. of water. To the liquid in the large flasVadd gradually, 

* The mixture should not be allowed to cool down in the small flask as it 
crystallfzcs to a solid mass of a double salt of aniline hydrochloride and stannic 
dUtmde (CfH4NH,HCl))SnCl4. If the experim^t has to be interrapted this 
should be done immediiUely after the transference # the reaction product to 
the huge flbdc; the addidon of the causdc soda should be postponed till 
immediately before the steam distillation, so that the heat of neutr&lization^may 
be adlked. 
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shaking after each addition, a solution of 150 grams of caustic 
soda in 200 c.c. of water,, cooling the flask if the mixture should 
begin to boil. Then steam distil the contents of the flask through 
a condenser (see p. 58); the liberated aniline h carried over as 
vapour by the current of steam, and the distillate is a mixture of 
aniline with water. /I^he distillate at first i% milky and deposits 
aniline, but the later fractions are clear; since aniline is ap- 
preciably soluble in water the distillation is continued till 
approximately 200 c.c. of the clear distillate have been obtained. 
Transfer the whole of the distillate to a large separating funnel, 
add 20 grams of salt for each 100 c.c. of the distillate, and shake 
till the salt is dissolved (this lowers the solubility of the aniline 
in the water). Extract" the aniline by shaking with ether, pladng 
the ethereal extract in a clean flask ; extract the residual aqueous 
liquid twice more with ether, and dry the combined extracts over 
a few fragments of caustic potash. 

After drying several hours, decant the etherear solution from 
the caustic potash into a small dropping funnel, fitted into the 
neck of a small distilling flask. Place the latter in a bath of 
warm water, run some of the ethereal solution into it, and distil 
off the ether through a double-p-face condenser; as fast as the 
ether distils add more solution from the funnel, till all has been 
introduced; then slowly heat the water-bath to boiling. When 
nothing more distils, replace the water condenser by an air 
condenser, and fit a thermometer into the neck of the flask in 
place of the dropping funnel. Heat the flask over wire gauze, 
and collect separately that portion of the distillate' which comes 
over at Yield 35 grams. 

Aniline is a colourless liquid when pure, possessing a characteristic 
odour. rtboilsati84®; Dl*ro35. The pure liquiij becomes brown 
in colour on exposure to air. It is only vety slijgbtly wluble in watCT, 
but readily soluble in alcohol and ether. It is volatile with steam. It Is 
a mono-acid base, forming salts such as C5H5NHJ.HCI, These salts 
are decomposed by caustic soda, the free base separating as oily drop. 

For the foftowing tests, either the free base or its hydrochloride 

may be useds v r 

E. With dilute solutions (i drop aniline to 30 water) of anilme 
or its salts, hUaching powder solution gives a violet coloration. (If a 
dirty violet precipitators formed, the aniline solution was too strong.) 

2. Add a solution of sodium nitriU to a cold solution of anaine in 
excess oi dilute hydrochloric acid, until free nitrous add is obtain^ 
(test with starch iodide paper), keeping the contents of the test-tube 
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cold by bolding under the tap. A^olution of diazo-benzene ' chloride 
i^produced Chapter IX.). 

C.HjNHsHa + NO.OH = CsH^NaCl + 3H2O. 

On pouring^into alkaline &-napkthol (jS-naphthol dissolved in 
caustic soda) a. brilliant scarlet dye is produced, viz. benzene-azo- 
j8-napbtbol. 

CgHeNgCl + C10H7OH ^CsHiNiNCjoHaOH + HGI. 

Thi| reaction is generally spoken of as the diazo^reaction^ and is 
always used for the detection of primary aromatic amines. The dyes 
produced are generally insoluble, unless they contain the sulphonic 
acid group, in which case a deep red solution is obtained. 

3. To an alcoholic solution of caustic potash add one or two drops 
of aniline and one drop of chloroformy and warm. The extremely 
unpleasant odour of phenyl isonitrile iS' produced {cf, chloroform), 

, CsHjNH, + CHCI5 + 3KOH = C^HeNC + 3KCI + 3H3O. 

4. To 5 drops of concentrated sulphuric add (in a small porcelain 
dish) add i drop of aniline (by means of a glass rod). Remove the 
solid aniline su^bate from the rod hy rubbing it on the sides of the 
dish. Then add 4 drops of an aqueous solution of potassium bichro- 
maie^ and mix the contents of the dish by tilting it from side to 
side. After a short time the mixture becomes blue. If the colour 
does not appear, add two more drops of potassium bichromate, or 
gently warm the mixture for a verj^short time over a small flame. 

5. Shake a few drops of aniline with an aqueous solution of 
zinc chloride ; . a very sparingly soluble crystalline compound, 
ZnCl2,2CeH5NHg,2H20, is obtained which crystallizes from alcohol 
in needles. Methyl* and dimethyl- aniline do not give this reaction, 

AcetaniUde, CHs.CO.NHQH*. 

Primary^bd secondary amines readily form acetyl derivatives 
on boiling with glacial acetic acid, acetic anhydride, or acetyl 
chloride (the two latter substances act more rapidly, but are more 
expensive). The reaction is of value in distinguishing primary 
and secondary &om tertiary amines, which cannot be acetylated. 

C,HsNH, + c 5 ,.C 00 H = C,H,NH.CO.CH, + H, 0 . 

An excess of the acetylating agent is generally taken, * 

Mix 5 grams of aniline with 7 grams of glaciahacetic acid, and 
boil gendy in a small flask under reflux condenser for se#n hours. 
Pour the hot liquid into 75 c.c. of cold water anS stir, wi*en 
acetanilide separates as a solid. Filter off the solid, transfer to a 
porcelain basin, add 200'C,c, of hot waf$r,^|^eat to boiling with 
constant stirring j if the acetanilide does noRompletely dissolve, 
add a few c.c. of afcohol to aid the solution. Then filter the 
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solution while hot (see p. iij, and on cooling, the acetanilide 
crystallizes out in white plates. If the crystals are not quite 
colourless they should be re-dissolved in wat«, a little animal 
charcoal (approximately i gram) added, and the mixture boiled 
for a short time. The charcoal should extract the colouring 
matter, and after filtering the hot solution, the acetanilide 
deposited should be pure white. The yield (r. 7 grams) is almost 
theoretical. 

Acetanilide crystallizes in small white plates, melting at 1 1 2® ♦ 
it boils at 304®. 

Hydrolysis.—Anilidcs are hydrolyzed by alkalies or acids (the 
latter, as a rule, acting more rapidly) into the corresponding aniline 
and acid. Take 2 grams of acetanilide and boil under a reflux con- 
denser for half an hour with 50 c.c. of dilute sulphuric acid. The 
liquid will then have the odour of acetic acid, and if half of it be 
distilled off, the distillate will give the tests for the acid. The liquid 
remaining in the flask will contain aniline sulphate, ^nd will therefore 
give the usual tests for aniline. 

CH,.CO.NHCeHB+HaO -h li^SO^= CH3.COOH + C,H,NH,.H2SO,. 


NOa 

m-Nitraniline, 

Reducing agents other than tin and hydrochtoric acid are avail- 
able for the reduction of nitro compounds, an alcoholic solu- 
tion of ammonium sulphide is often used. This reducing agent has 
the special advantage that in substances containing rSore than one 
nitro group, only one group is, as a rule, reduced by it; thus the 
reduction of m-dinitrobenzene by this agent gives m-nitraniline. 

C,H.(NO^ + 3NH4HS = C,H,NOj.NH, -ji. sNbj + aHjO +3S 

^jix together in a flask 20 grams of powdered m-dinitrobenzene, 
75 grams (approx. 95 c.c.) of alcohol, and 13 grams (15 c.c.) 
of concfotratedT ammonia solution. Weigh the flask and contents. 
Pass a stream of sulphuretted hydrogen (washed with water) 
tflfough the liquid in the flask till it is saturated with the gas ; attach 
a reflux condenser, boil the contents of the flask fora quarter 
of an hour on a ws^^pbatfl. Allow the flask and contents to cool, 
again saturate with sulphuretted hydrogen, and reheat. Repeat 
this procedure till the weight of contents of the flask has inaeased 
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by la grams. Precipitate the nitraniline from the liquid by 
adding water as long as it causes the separation of any more solid^; 
filter off the pr^pitate. The solid obtained is a mixture of 
m-nitraniline airo sulphur ; it is transferred to a flask and 
extracted several times by heating with small quantities (50 c.c.) of 
dilute hydrochloric acidj the extract is each time decanted and 
filtered through a filter-paper^ the residue being again extracted 
with more acid. When a small quantity of the filtrate no longer 
precipitates any solid on the addition of excess of dilute ammonia, 
the combined filtrates are evaporated down to approximately 
100 C.C. The solution of nitraniline hydrochloride is cooled, and the 
nitraniline is precipitated by the addition of concentrated ammonia ; 
the precipitate is filt^ed off from the cold solution, and is purified 
by recrystallization from boiling water. Yield r. lo grams. 

m-Nitramline crystallizes in yellow needles, melting at 114®. 

Acetyl Derivative.— Boil 2 grams of m-nitraniline with 5 c.c. of 
acetic anhydride for a quarter of an hour. Pour the liquid into cold 
water, and stir. Filter off the solid which separates out, and. re- 
crystallize it from water to which a little alcohol has been added ; 
m-nitroacetanilide, C4H4NO2.NH.CO.CH8, is obtained in prismatic 
crystals, melting at 150®. 


SO2OH 

Salphanilio Acid, 

NH, 

The beldpne hydrocarbons and many of theiiw derivatives, 
readily react with concentrated sulphuric acid, forming sulphonic 
add compounds. Aniline can be substituted with a sulphonic 
add group by heating with excess of concentrated sulphuric add * 
at iSo° to 190*; sulpb^ilic acid (p-amino benzene sulphonic 
acid) is slowly formed. Since this substance is soluble in caustic . 
soda solution, the completion of the reaction may read% be 
determined. 

-NH/:.H8+(HO)aSOa«NH8C.H4S^ ‘ : 

Place 20 grams (20 c.c.) of freshly distilled aniline in a dry\ 
flask, and add gradually, with constant diak^, 70 c.c. of cort- 
centiated sulphuric add ; ^ heat the fla;!k oil^bath at z8o° to 

' The use of slightly fuming sdplmiie add (iaih^Qing 8 to 10 per cent of 
additkHial S 0 |) will greatly diminhii the time iiec(|8i% lor the heatii^. 
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190® for several hours (four or five), tiU, on’Withdrating a little of 
the liquid, diluting and adding caustic soda solution, no separation 
of aniline occurs* Allow the mixture to cool, pour it into 
500 c.c. of cold water, stirring the liquids together. The sulphanilic 
acid separates out in crystals; it is filtered off, washed with water, 
and presged. In order to purify the crystals, and remove the dark 
colour from them, they are dissolved in as little hpt water as 
possible, the solution boiled for a short time after the addition of 
a gram of animal charcoal, and then filtered through a funnel with 
a hot-water jacket. The crystals deposited on cooling should be 
colourless. The yield, after drying, should* be about 20 grams. 


Sulphanilic acid crystallizes with one or twolnolecules of water of 
crystallization, the crystalline form depending on the number of water 
molecules present. It is readily solrfble in hot water, but only 
sparingly soluble in cold. It readily forms salts with the alkalies, but 
the presence of the sulpbonic acid group so weakens the basicity of 
the amino group that no salts are known in which the substance acts 
as a base^ On fusion with potash it does not yield an aminophenol, 
but aniline, 

1. The tests for the elements show the presence of S. and N. The 
solution is acid. 

2. On diazotisation and coupling with $-naphtkol it yields a soluble 
red dye (Orange U.). 

Since sulphanilic acid does not dissolve in cold HCl, the usual 
method of diazotization has to be altered somewhat. Dissolve the 
sulphanilic acid in dilute caustic soda or sodium carbonate, add the 
sodium nitri^ solution, and then dilute hydrochloric wid till free 
nitrous acid is present (indicated by starch iodide paperjP Then pour 
a little into the alkaline solution of (S-naphthol. This method of pro- 
cedure should be adopted with all amino-sulphonic acids. 

On coupling with dmetkylaniline^ methyl orange is produced. 
The diazotized solution is mixed with a small quaatity of dimethyl 
aniline and the mixture well shaken. A red liquid is formed, from 
which methyl orange rapidly crystallizes out. A little of the product 
dissolves in acids to a , red solution, which is turned yellow by alkalies, 

, ■ 3; Dissolve in dilute soda, mix the solution with a slight excess 
of sodium nitrite^ and pour into well-cooled, dilute sulphuric acid. An 
/mtemal salt of benzene-diazonium sulphonic acid is precipitated from 
the solution in colourless crystals. 


CeH; 




OH 


- HjO = C,H4 


\ 
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On boilinj^itb water these crystals give phehol-p-sulphonic acid, 
and ni^gen is ’evolved. They also readily rea#t with dimethyl aniline, 
giving melhyl orange. * 

^ 4. With chrMc add mixture (p. 20) sulphanilic acid yields 
quinone, which may be recognized by its pungent and nutty odour. 
Hence proof of the para position of the sulphonic group. 

Thiocs^ba^ilide/ Sulphocarbanilide, Diphenylthio< 
urea, CS(NHQ,H„)8. 

When carbon bisulphide is boiled with aniline in alcoholic 
solution, a reaction occurs with evolution of sulphuretted hydrogen 
and formation of thiocaibanilide. 

CSa + aqeHjNH* = 

Mix 40 grams (40 c.c.) of aniline with 50 grams (40 c.c.) of 
carbon bisulphide, and so^rams (60 c.c.) of alcohol in a flask ; fit 
the flask with a reflux double>surface condenser, and heat for eight 
hours ^ on a water-bath in a fume chamber. The excess of carbon 
bisulphide and alcohol is then distilled oflf by heating on the 
water-bath ; the residue is mixed with water, filtered, washed with 
a little dilute hydrochloric acid to remove unchanged aniline, 
and finally washed again with water. The major portion of the 
crude product is dried in a dish on the water-bath. A few grams 
may be purified by recrystallization from alcohol. Yield of crude 
product, c. 35 grams. 

Thiocarbanilide crystallizes in colourless pearly plates, w^eh 
melt at 15 It is only slightly soluble in water, but is easily 
soluble in ^ot alcohol. Its behaviour on treatment with hot 
mineral acid is described in the next preparation. 

f^henyl^ocarbimide, Phenyl Isothiocyanate, Phenyl 
Mustard Oil,.CaH,NCS. 

On boiling %ith concentrated hydrochloric acid, thiocarbani- 
lide ^ slowb^decomposed into phenyl isothiocyanate and aniline; 
the anilme thus formed reacts, to some extent, with unchanged 
thiocarban^de, giving sulphuretted hydrogen*^ and triphenyl 
guanidine [guanidine is (NHj),C:NH] j the latter substance, being 

* The addition of 10 grams of powdered potassium hydroxide td the mixture 
facilitates the elimination of the sulphuretted hydrogen, acceleihting the action 
to such an extent that three to finir honis* heating Ulhifficient. The replace- 
ment of both aleohol and potassium bydro^e ^ 17 grams of j)yridiDe 
improves botpbe ^Id and the purity of the p todu^ 
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basic, is obtained as the hydrochloride, and remains in solution, 
while the phenyl isothiocyanaete separates out as an oil. ‘ 
(C,H,NH)jCS « QH^NCS + 

(CjH 8NH)*CS + CeHjNHa « (QH,NH)aC:NCA + H,S. , 

Boil 25 grams of thiocarbanilide with 80 c.c. of concentrated 
hydrochloric acid, in a flask fitted with a reflux condenser, for half 
an houf j the phenyl isothiocyanate sepafafes oil. Add 50 
C.C. of water, and distil the mixture till about 20 c.c. ^main in the 
flask. The phenyl mustard oil being volatile with steam, passes 
over in the distillate ; this is therefore extracted with ether, the 
ethereal extract is dried over calcium chloride, decanted, and 
fractionated in the usual way, a short air condenser being used 
after the removal of the ether. The isothiocyanate distils at 
i97®-222®. Yield c. 9 grams, 

Phenyl isothiocyanate is a colourless liquid of pungent odour ; 
it boilil at 222®, and at 15° its specife gravity is i’i35. It is a 
very reactive substance as the following tests indicate. 

1. (^) To a few drops of the substance add twice the volume of 
concentrated ammonia, and then alcohol till a clear liquid is obtained. 
Boil off the alcohol ; the residue, when cold, will set— it may be 
necessary to stir or shake it first— to a solid mass of mono-phenyl 
thiourea, m.p. 154®. 

QH5NCS + NHj = CgHaNH.CS.NHg. 

{]>) Amines react similarly. Heat a mixture of equal volumes of 
the substance and aniline to boiling for a minute, and allow to cool j 
a solid mass of diphenyl thiourea is obtained. 

QH.NCS -h = C.HcNH.CS.NHQH,. 

2. Mix a little of the substance with alcohol and boil with a little 

yellow mercuric oxide. An irritating, tear-producing^pdour of phenyl 
isocyanate (phenylcarbimide) is obtained, and the ^mercuric oxide is 
converted into black mercuric sulphide. ♦ 

CjHjNCS + HgO = CjHfiNCO + Hg^ 

To the residue in the flask add 70 c.c. of water and allow 
to stand ovenfight. Crystals of the hydrochloride .of triphenyl 
guanidine separate out ; they should be filtered off, warmed for a 
short tirne with dilute caustic soda solution, and the liberated base 
filtered "of .and washed with water. Purify by recrystallization 
from alcohol. ; • 

Tjiphenyl guanidine consists of colourless needles which melt 
at 14$"; Its nitrate is very difficultly soluble in wate* 



CHAPTER IX 

THE DIAZONIUM SALTS AND THEIR REACTIONS 

The action of nitrous acid on most amino compounds is to cause 
the formation of the corresponding hydroxy body, with a simul- 
taneous liberation of nitrc^en. The usual method is to dissolve 
the amino compound in excess of acid, and to add a solution of 
an alkali nitrite. Treated in this way the amides and primary 
amines give rise to the corresponding acids and alcohols. 

CH3.CONHa + HNO, = CH,.COOH -{- N* + H^O. 

* CHjNHa + HNOj = CH,OH + Ng + HA 

In the case of those substances in which the amino group is 
directly attached to one of the carbon atoms in a benzene ring, 
the use of hot solutions bnngs about a change similar to the 
above ; but if cold solutions be used, no evolution of nitrogen 
occurs, but in the solution a substance is formed containing a 
^roup of two nitrogen atoms, and hence termed a diazo compound. 

CaH3NH2.HCl + HNOa = CeH^NCl + aHA 


Since these ;bodies are salts they are often termed “dia- 
zonium ” salts, from the similarity to ammonium salts. 

For the preparation of diazonium salts it is essential that there 
should be at least sufficient add present to form a salt with the 
aniline, and also to liberate the nitrous acid from &e nitrite. 

QH^NH^HCI + HCl + KNO3 = CeH3NGr+ zHaO + KCh 


The diazrmium salts are, as a rule,^ very mstable, and^n the 
solid state d||b^expl0sive hence, in synthetical chemistry, where 
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they are of extreme value, the diazonium salt is generally not 
isolated, but the solution, obtained in the manner indicated above, 
is used straight away. 

These substances will couple up with, phenols and tertiary 
aromatic amines, pving rise to “azo”. dyes, in which the group 
of two nitrogen atoms is still intact. 


CeH^NCl + QHjOH = CeH6N:NQH,0H + HCl. 


N 

C^,NC1 + C«H5N(CH3)2 = QH6NiNCeH4N(CH3)a + HCl, 


N 


With primary and secondary aromatic amines, “ diazoamino ” 
compounds are obtained ; these readily rearrange into “ amino* 
azo ” compounds. 


QH^NaCl *f NHaCeH, ^ QH^Ns.NHCeH* CeH^N^QH^NHa. 

The diazonium salts are also of immense value for the pfepara- 
tion 01 substituted derivatives of the aromatic hydrocarbons. 
Thus, if the solution be boiled, nitrogen is liberated, and the 
corresponding phenol is formed. 


CSH5N3HSO4 + HaO = QH3OH + Ng 4 - H3SO4. 

The solutions of the halogen salts also readily decompose, 
especially in the presence of certain catalytic agents such as 
cuprous salts, or copper, giving the halogen substituted hydro- 
carbon. 

C^HjN^Br = CeHsBr -h N,. ^ 

* • ^ 

Examples of these actions will be seen in later preparations. 

:x ' '■ 

Preparation of Solid Benzene Diazonium Sulphate, 
C4H3NHSO4. * 

111 

N 

On account of the great solubility of the diazonium salts in 
water, an alcoholic solution of the aniline salt is taken for &e 
preparttion of the salts in the solid state, and the^zotization 
effected by amyl nitrite. The latter undergoes hydr^sis to amyl 
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alcohol and nitrous acid, and the nitrous acid acts in the usual 
way, 

{QH,NH2)*.HaS04 + + USO, 

= 2 C,H,NaHS 04 + aQHuOH + aHA 
Dissolve 5 grams of aniline in 50 c.c. of absolute alcohol, and 
add slowly, with constant shaking, 10 grams of concentrated 
sulphuric acid. The aniline sulphate at first separates out, but 
dissolves up as the remainder of the acid is added. Cool the 
mixture thoroughly, and introduce grams of amyl nitrite, 
drop by drop, shaking well after each addition. Then place 
the mixture in ice ; on standing, the benzene diazonium sulphate 
separates out, and should be filtered off after half an hour; after 
washing with a little alcohol, a small quantity should be dissolved 
in water, and the following tests carried out with the solution. 

I. Pour a few drops into a solution of a little phgncl in caustic 
potash solution. An orange-yellow solution of p-hydroxyazo-benzene 
is obtained. 

CiHgNHSO^ + CjHAH = CeHjNiNCsHAH + HaSO*. 


2. Pour a few drops into a solution of ^napkthol va. caustic potash, 
A red precipitate is obtained. 

C4H5N2HSO* + CjoHah = qh.nAioHAh + H2SO4. 

3. Place a few drops of dimeihylaniline in a test-tube, add a little 
of the diazo solution, and shake. A red solution of the hydrochloride 
df benzene azo p-dimethyl aniline is obtained ; on adding caustic soda 
the free substance is liberated and the liquid turns yellow. 

4. Primary and secondary aromatic amines couple with diazo salts, 
attaching themselyes first by the amino nitrogen atom. 

Add to a littlfe of the solution a few drops of anilinel^xA shake. 
Diazoaminobenzene separates as a yellowish-brown crystalline solid. 

C,H,NaHSO, + CeH^NHa = CeHaNa-NHC^Hj -f HaSO^, 

5. Boil some of the solution for a short time till rib more nitrogen 
is evolved. The formation of phenol in the solution is proved by the 
addition to the cooled solution of a little bromine water^ which 
precipitates white tribromophenol. 

The remainder of the solid benzene diazofiium sulphate should 
be dissolved in water and thrown away, because, althou^ it is 
much more foie than the nitrate, it is explosive when dry. 
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lodobonzeiLe) Chlorbenzene. 

To obtain diazo ^Its for ordinary syntheses, the aniline is 
usually dbsoived in excess of acid, and to the well-cooled solution, 
a solution of potassium nitrite is added ; to tell when sufficient of 
the latter solution has been added, a drop of the mixed liquids is 
withdrawn on the end of a rod and tested with starch iodide 
paper j Ihe presence of the least excess of nitrous acid is detected 
by a blue stain. 

Since similar solutions of diazonium chloride are required for 
■ the preparation of iodobenzene and chlorbenzene, both prepara" 
tions should be performed, if possible, on the same (^y, so that one 
diazotization may serve for both, a suitably larger quantity of 
aniline then being taken. 

Iodobenzene. 

Dissolve 9*5 grams of aniline in 50 c.c. of a mixture of equal 
volumes of concentrated hydrochloric acid and water, and cool the 
solution in water containing ice. Dissolve 12 grams of potassium 
nitrite in 20 c.c. of water, and add it to the aniline hydrochloride 
solution in small quantities (2 to 3 c.c.) about every two m*inutes, 
shaking well after each addition, till, after standing a short time, 
a little of the liquid, withdrawn on the end of a rod and diluted 
with a little water in a watch glass, stains starch iodide paper 
blue. The solution of the diazonium chloride is then ready for 
the preparation of iodobenzene or chlorbenzene. 

To obtain iodobenzene it is merely necessary to add potassium 
iodide solution, when an immediate effervescence of nitrogen 
occurs and the iodobenzene separates out as a dark oil. 

Dissolve 25 grams of potassium iodide in 50 c.c. of water, 
and add this solution to the cold diazo solution ; a vigorous 
effervescence ensues ; the mixture is allowed t© stand a quarter 
of an hour, and is then heated on a water-bath till no 
further effervescence of nitrogen occurs; the iodobenzene sinks 
to the bottom as a black oil. The mixture is then made 
alkaline with *caustic soda, poured into a half-litre dask, and 
steam distilled; the iodobenzene passes over as a brown oil. 
When no more »oil comes over, the crude iodobenzene is 
placed in a separating funnel and shaken till pale brown with 
a solution of sodium sulphite, in order to remove the dissolved 
iodine. Separate the •i^obenzene by means of a tap-funnel, 
and dry over calcium chloride. Tire liquid is then distilled 
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through an air condenser, the iodobenzene oomii^ over at 185*^- 
189^ Yield ^ 16 grams. 

Pure iodobenzene is a colourless liquid of specific gravity 
1*838 at 15^; it boils at 188'’. As in all similar simple sub- 
stances, the hal(^en atom substituted in the benzene ring is 
unaffected by boiling with solutions of caustic alkalies. 

Chlorbenzene, by the Sandmeyer Reaction. 

As we have just seen, benzene diazonium iodide decomposes very 
readily into iodobenzene and free nitrogen ; the various diazonium 
chlorides, bromides, and cyanides do not undergo a similar decom- 
position satisfactorily except in the presence of certain catalytic 
agents. Sandmeyer’s reaction is merely an application of the 
appropriate cuprous salts for this purpose; these first form 
unstable double salts with the. diazonium salts, and these 
double salts decompose, giving the corresponding substituted 
hydrocarbon. 

CeHpNaCl QHjNaClCUaCla C.'R.Cl + Ng + CUaCla, 

To prepare the cuprous chloride solution, weigh 4 grams of 
powdered black copper oxide into a tared flask, add 50 grams of 
concentrated hydrochloric acid and 6*5 grams of copper turnings. 
Loosely stopper the neck of the flask with a perforated cork, and 
boil till the liquid contents become colourless. Then add concen- 
trated hydrochloric acid till the solution has a total weight of 
102 grams. In this way, allowing for the weight of the undis- 
solved copper, a 10 per cent, solution of cuprous chloride is 
obtained. 

Prepare a solution of benzene diazonium chloride according to 
the directions for the preparation of iodobenzene, but take twice 
the quantities there mentioned, tA 19 grams of aniline, etc. 

A flask containing 4*5 grams of the cuprous chloride solution 
is fitted witib a reflux air condenser, and the liquid heated to just 
below boiling point. The cold solution of diazobenzene 
chloride is introduced slowly down the condenser, *a few drops at 
a time, shaking well after each addition ; each drop gives a 
momentmy yellow precipitate which immediately decomposes with 
evolution of nitrogea When all the diazo solution has. been 
introduced, the chlorbenzene which has formed is distilled off 
with steam; it is then separated fronk the aqueous portion 
of the distillate, dried over calcium chloride, and fractionated. 
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The chlorbenzene distils over at about 130°. Yield c. 18 
grams. 

Chlorbenzene is a colourless liquid of pleasant odour; it 
boils ^t 132®, and at 15® has a specific gravity of rii. 

o-Bfomtoluene, Gattermaim's Reaction. 

In the preparation of chlorbenzene it was seen that the 
presence of cuprous salts greatly assists the smooth decomposition 
of the corresponding diazonium salt into free nitrogen and a 
substitlited hydrocarbon. It was discovered by Gattermann that 
finely divided popper has a similar effect, and so this substance is 
often used in place of cuprous salts. 

To prepare the copper powder,' dissolve 40 grams of copper 
sulphate in 120 c.c. of water, cool the solution, and place it in a 
porcelain dish ; dust into the solution, from a small muslin bag, 
about 10 grams of zinc dust, stirring the liquid vigorously all the 
time, till at last it is decolourized. Decant the solution of zinc 
sulphate from the deposited copper, and wash the copper by 
decantation several times with cold water. To remove any metallic 
zinc in the deposit, mix it with several times its volume of water, 
and add dilute hydrochloric acid with stirring, till no more 
hydrogen is evolved; then pour off the supernatant liquid, 
wash the residue with water, finally on the filter pump, till the wash- 
ings are no longer acid. On account of its tendency to oxidize, 
the powder is not dried ; if it is not required for immediate use 
it is preserved in a moist state in a well-stoppered bottle. 

Dissolve 6 grams (approximately 6 c.c.) of o-toluidine in a 
mixture of 35 c.c. of hydrobromic acid of constant boiling point 
(see p. 1 14) with 40 c.c. of water. Cool the solution in ice, and 
diazotize as in the preparation of chlorbenzene. To the cold 
solution of the diazonium bromide add slowly the previously 
prepared copper powder, in small quantities, shaking after each 
addition ; a vigdrous effervescence ensues, but after half an hour 
the evolution of gas ceases, and a mixture of copper powder and 
bromtoluene sinks to, the bottom of the liquid. The top aqueous 
layer is poured off and rejected ; the^residue in the flask is steam 
distilled. The dkiiMt is extracted \vith ether, dried over calcium 
chloride, and fractionated. The yield is about 6 grams. 

' Copper powder may be replaced by “copper bronze,” which is obtain- 
able commerc^ly. 
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o-Bromtoluene is a colourless liquid of specific gravity 1*422 
at 20® ; it boils at iZC, 

Phenol or Carbolic Acid, QHbOH. 

As has already been mentioned, diazonium salts in solution 
decompose on heating, liberating nitrogen and forming the corre- 
sponding phenol. The sulphate gives a pu^^ product than the 
other salts. Although this action is of no commercial value for 
the preparation of ordinary phenol, it is often of great importance 
for the preparation of other phenolic substances. 

i 

QHbNsHSOb + HaO = CbHbOH -h 

Dissolve 20 grams of aniline in a hot mixture of 40 grams 
(23 c,c.) of concentrated sulphuric acid with 100 c.c, of water; 
pour the solution into 200 c,c. of water. Cool the diluted solution 
in ice till it becomes quite cold. Then diazotize the solution by 
the careful addition of 25 grams of potassium nitrite in 60 c.c. of 
water b the manner described under the preparation of iodo- 
benzene, till a slight excess of nitrous acid is present. Allow the 
still cooled solution of the diazonium sulphate to stand half an 
hour, and then warm for another half-hour in a water-bath at 
60° . When the evolution of nitrogen has ceased, steam distil 
the contents of the flask, collecting about 500 c.c. of the liquid 
that comes over. Extract the cold distillate twice with ether, and 
dry the combined extracts over anhydrous potassium carbonate; 
decant the dry solution into a distilling flask, distil off the ether on 
a water43ath, and fractionate the residual phenol through an air 
condenser. 

The fraction distilling from i78'’*-i83® is practically pure 

phenol, and solidifies on cooling. Yield c, 12 grams. 

« 

Phenol forms colourless deliquescent crystals, which melt at 42*7** 
and boil at 181*5®. It readily liquefied by the addition of a litde 
water, and is miscible with water in all proportions a^ove a tempera- 
ture of 68*4®. Below this temperature two conjugate solutions^ — ^the 
one containing an excess of water and the other of phenol — are 
formed, unless either constituent is present in great excess, when a 
homogeneous solution results. , 

It is neutral to litmus, but is soluble in caustic soda sddium 
carbonate) with the formation of a phenate. Like nearly all pHenates 

* See “ Findlay’s Phase Role,” 2nd edit. p. 97. 
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it is decomposed by passing carbon dioxide into its solution in water ; 
4>henols are often separated from solution in this way. It possesses a 
characteristic odour. 

1. Heated in a dry tube phenol volatilizes, giving a characteristic 
odour. 

2. Ferric chloride gives a violet coloration, which is destroyed by 
hydrochloric acid and by acetic acid ^ {cf. salicylic acid). 

3. Excess of bromine water gives a precipitate of tri-bromphenol, 
even from very dilute solutions of phenol. 

CjHeOH + sBrj = C^HjBraOH + sHBr. 

4. To an aqueous solution of phenol add a little ammonium 
hydroxide solution and then some clear bleaching powder solution. 
A blue colour is produced, which is turned red by the addition of acids. 

5. Liebermanii*s nltroso-reaction.— To i c.c. of pure concen- 
trated sulphuric acid add about a gram of phenol and shake till 
dissolved. Then add a “speck” of sodium nitrite^ shake, and warm 
gently (if necessary). A blue-green colour is produced, which is 
changed to red on pouring the mixture into water j excess of alkali 
then restores the blue-green colour (compare p. 123). 

Benzene, (DgHe. 

If solutions of diazonium salts be reduced by treatment 
with alcohol or alkaline stannous chloride solution, the parent 
hydrocarbon can be obtained. In the first case, oxidation of the 
alcohol to aldehyde takes place ; in the latter, stannite is oxidized 
to stannate. 

CAN2CI + 2H = CeHe + HCl -{- 

The alcohol, as a rule, however, does not give a pure j)roduct 
on account of a simultaneous reaction with the formation of an 
ether, eg, of phenetol or phenyl ethyl ether in the case of 
diazotized solutions of aniline. 

-h CaH»OH = QHe 4- Nj + CHj.CHO + HCL 
q,HoN,Cl -h QHjOH = CjHsOQHb + N 3 -h HCL 

Dissolve 10 grams (approximately 10 c.c.) of aniline in a 
mixture of 30 clc, of concentrated hydrochloric acid and 64 c.c. 
of water. Cool the mixture in ice, and diazotize the pasty liquid' 
with a solution of iq grams of sodium nitrite, till an excess of 
nitrous acid is present. Then pour into the diazotized solution, 
with constant shaking, an ice<:old solution of 26 grams of caustic 
SQ^ in 80 c.c. of water. In a second flask place a solution of 

^ * The colour is destroyed by almost anything els^,in the solution. 
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46 grams of stannous chloride in no c.c. of water, and add 
caustic soda solution (25 per cent, strength) till the original 
precipitate has practically redissolved. Fit this flask with a 
reflux water condenser, heat on a water-bath, and add gradually 
down the condenser the alkaline diazo solution. When the 
efiervescence of nitrogen has ceased, distil the liquid} in the 
flask, and when no more oily drops of benzene come over, separate 
the benzene from the water and dry over calcium chloride. 
Fractionate the dried liquid, heating on a water-bath ; the benzene 
distils at 78^-81® Yield c. 6 grams. 

Benzene is a colourless liquid with a characteristic, odour, and 
boiling at 80*4®. It freezes at 5*4® ; Df 0*8791. It is Insoluble in 
water, but soluble in most organic solvents. It is inflammable, burn- 
ing with a smoky flame. When pure it docs not give any colour to 
concenti-ated sulphuric acid ; the commercial article generally contains 
thiophene, however, and the sulphuric acid then becomes dark 
coloured on shaking up with the benzene and warming gently. 

1. To 5 C.C of a mixture of equal parts of concentrated sulphuric 
and nitric acids add i cc. of benzene, drop by drop, shaking well after 
the addition of each drop, and cooling if the mixture becomes hot. 
Then warm gently and pour into a beaker of water. A yellow oil 
separates out and sinks to the bottom of the beaker ; it is nitrobenzene^ 
and possesses the characteristic odour of oil of bitter almonds. 

QHe + HNO3 = CeHeNO, -}- H, 0 . 

2. In some cases it is advisable to reduce the nitro to the amino 
compound. The method of procedure in the case of benzene is then 
as follows : The yellow oil obtained in 1 is treated with zinc and 
hydrochloric add (tin may be used instead of zinc) to reduce the 
nitrobenzene. The reduced solution is then poured off from the 
undissolved zinc, cooled, diazotized, and coupled with alkaline 
naphthol, as giveii on p. 94, with the formation of a red dye. 

Note.— T hesI tests can be readily carried out on much less than 
I C.C. of benzene. The reduction of a nitro to an amino compound, 
and then diazotization and the formation of a dye, is an exceedingly 
delicate test for the presence of a nitro group. • 

The above method of procedure is generally successful. In some 
cases, however, it maybe necessary to liberate the amino compound 
from its salt by addition of caustic soda in excess, and then to extract 
with ether. The ethereal solution is separated, the ether evaporated 
off on a clock glass, and the amino compound diazotized as above. 

It may be necessary to distinguish benzene from its homologues. 
This is readily done by ojudation of the side chains of the homolpgues, 
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benzwc acid being produced. The oxidizing mixture used is the same 
« tUat given on p. 20 for the oxidation of alcohols and aldehydes. 
Heat in a fl^k connected with reflux condenser for a short time. On 
cooling, the benzoic acid may separate out; if not, the solution is 
extracted with ether, and the benzoic acid obtained from the ethereal 
extract. Apply the tests for benzoic acid given on p. 1 16. 

CH, 

p-Tolnyl Nitrile, 

CN 

This substance is prepared by Sandmeyet’s reaction ; p-toluene 
diazonium cyanide is caused to decompose in the presence of 
cuprous cyanide, 

CH,.CeH4N CH3.C,H,N3CN GHj-QH^CN + Ng. 

To prepare the solution of cuprous cyanide proceed as 
follows: Dissolve 50 grams of crystallized copper sulphate in 
200 C.C. of water in a 2-litre flask. Heat the solution on a water- 
bath in a fume chamber, and add slowly a solution of 60 grams 
of potassium cyanide till the precipitate is just redissolved. A 
solution of the complex salt of cuprous cyanide and potassium 
cyanide is thus obtained. A good draught is necessary in the 
fume chamber during this operation because cyanogen is 
evolved — 

CUSO4.+ 2KCN = Cu(CN)3 + K2SO4, 

2 Cu(CN)j = aCuCH-l- (CN)g, 

CuCN -I- 3KCN = K3 Cu(CN)4. 

Dissolve 20 grams of p-toluidine in a warm mixture of 45 c.c. 
of concentrated hydrochloric acid and 150 c.c. ^f water. Cool 
in ice, stirring the solution vigorously meanwhile in order that 
the toluidine hydrochloride which separates may be in as small 
crystals as possible. To the cooled solution add, in small quantities 
at a time, a cold solution of 20 grams of potassium nitrite in 80 
ac. of water, stirring well after each addition ; as the diazotization 
proceeds the crystals of the toluidine hydrochloride will disappear. 
When all the toluidine salt has been converted into diazonium 
salt, as shown by the presence of a slight excess of nitrous acid 
in the solution (the addition of the nitrite should be extended 
over a quarter of an hour), the solution is transferred to the fume 
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chamber, and is poured slowly, at intervals extending over a period 
of ten minutes, into the solution of cuprous cyanide (the latter 
at about 70'’); the latter is frequently shaken, and after the 
addition of tiie whole of the diazonium solution, is heated for a 
quarter of an hour loiter on the water-bath. The resulting mixture 
is then steam distilled in the fume chamber, when the p-toluyl 
nitrile passes over as an oil ; when no more oil distils^ the dis- 
tillate is cooled, and the solidified nitrile is filtered off on the 
pump ; it is then dried by exposure to the air on a porous plate. 
If required, it may be purified by distillation. Yield r. 12 grams. 

p-Toluyl nitrile is a white crystalline solid melting at 29® 
and boiling at aiS®; on hydrolysis with mineral acids it forms 
p-toluic acid. 


CH, 

p-Toluic Acid, 

COOH 

p-ToIuyl nitrile behaves in a normal manner towards hydro- 
lytic agents ; for example, on boiling with sulphuric acid,^ p-toluic 
acid and ammonium sulphate are obtained.^ 

CH,.Q,H4CN+aHaO-|-H8S04=CH8.C,H4.COOH-l-NH4HS04. 

Place in a small flask 10 grams of p-toIuyl nitrile, and add a 
mixture of 10 grams of water with 30 grams (17 c.c.) of concen- 
trated sulphuric acid. Fit the flask with a reflux air condenser and 
boil gently till crystals of p-toluic acid appear in the condenser 
(about half an hour). Allow the contents of the flask to cool some- 
what, pour into 500 c.c. of water, and when cold filter off the 
precipitated tohiic acid. Dissolve the toluic acid in hot water 
(adding a little alcohol to aid the solution if necessary), and if the 
solid is discoloured, boil for a short time with a little animal 
charcoal Filter the hot solution through a hot-water funnel 

CL 

1 Sulpluiric add bas the advantage over hydrochloric acid that it is not 
volatile ; however, it is not alwa3r5 as anitable as the latter substance, t.g. in 
the case of substances which easily form solphonic acid derivatives. 

* Nitriles can also be hydrolyzed to the corresponding amides, the most 
convenient reagent being alkdine hydrogen peroxjde solution ; it is merely 
necessary to agime a little of the nitrile with dilute hydrt^en peroxide 
{eg* aovol.) at about 40*^ Q, ip the presence of a few drops of sodium hydroxide 
solution, 
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and allow to crystallize. If necessary repeat the boiling with 
charcoal and the crystallization. Yield c. 9 grams, 

p-Toluic acid is rather soluble in hot water, but almost 
insoluble in cold. It melts at 179®. 

COOH 

Terbphtbalic acid, 

COOH 

The side chams of practically all aromatic substances are 
easily oxidized, leaving the benzene nucleus unaltered ; all that is 
left of the group of carbon atoms is, as a rule, a carboxyl group. 
p-Toluic acid behaves in this way towards suitable oxidizing 
agents yielding p-dicarboxy benzene or terephthalic acid. In the 
followii^ experiment an aUcaline solution of permanganate is used 
for oxidizing purposes; under such conditions the permanganate 
is reduced to hydrated manganese dioxide, which separates out. 

COOH.C^H^.CHt +30 = COOH.C8H4.COOH + HA 

Dissolve 3 grams of caustic soda in ago c.c. of water, add 5 
grams of toluic acid, and heat in a porcelain dish on the water- 
bath. Make ago c.c, of a g per cent, solution of potassium 
permanganate, and add this gradually to the hot solution of the 
toluic acid, waiting until reduction is complete after each addition 
When the colour of the permanganate persists, even after heating 
for an hour, the oxidation is complete. A little alcohol is then 
added to remove the excess of permanganate, and the liquid is 
filtered from the precipitated manganese dioxide; the filtrate, 
while hot, is acidified with concentrated hydrochloric acid, and 
after cooling, the precipitated terephthalic acid is filtered off; the 
solid is then washed with water, pressed, and dried on the water- 

bath. Yield c, 5 grams. ^ 

Terephthalic acid obtained in this way is an amorphous 
powder, practically insoluble in water, alcohol, and ether. It 
sublimes at adb® without melting and without formation of an 
anhydride (r/ o-phthalic acid). 




CHAPTER X 


Brombenzene, CeH^Br, 

Chlorine and bromine (also iodine in the presence of iodic 
acid) will react with hydrocarbons (aliphatic or aromatic), replac- 
ing a hydrogen atom by a halogen atom.* 

C«Hfl + Bra = CeHjBr -f HBr. 

The substitution is greatly accelerated by the presence -of so- 
called halogen carriers preparation of chloracetic acid), iodine, 
iron, or iron chloride being the most commonly used j they are 
all substances which are capable of forming more than one 
compound with the halogens, and probably act by forming the 
more highly chlorinated or brominated compound, which then 
reacts with the hydrocarbon forming the substitution product, and 
is continually regenerated by the action of the free halogen. In the 
preparation of mono-substi^ted bodies, it is obviously important 
to avoid any large excess of halogen, because the substitution of 
a second hydrogen atom very easily takes place. For the 
preparation of monobromhenzene the theoretical quantities are 
78 grams of benzene to 160 grams of bromine; generally an 
excess of benzene is taken. 

Place 50 grams (approximately 56 c.c.) of benzerie in a flask, 
and add 2 gram^ of iron filings. Immerse the flask in a bath of 
cold water, anj fit it, by means of a cork (preferably soaked 
previously in paraffin wax) with a reflux condenser. Into the top 
of the condenser insert a small dropj^g funnel, and a bent glass 
tube leading down to the surface of 200 c.c. of w^ter in a beaker, 
the actual contact with the water being made by a small inverted 
tunnel (Fig. 19) • the water is for the purpose of absorbing the 
large quantity of bydrobron^ acid which will be evolved. Place 
60 grams (20 qc.) of bromme in the tap fiinnel and allow it to 

* In sunligjjt bentene adds^cn chlorine and bromine mvihg crystaUine 
solids, thehexachloridc and tk* hmbtomidc respectively. 
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drop*slowly down the condenser into the benzene, extending the 
addition of the whole of the brortaine over half an hour. The 
action is very vigorous, hence the necessity of adding the bromine 
slowly. After the addition of the bromine heat the water-bath to 
boiling, then remove the 
flask and allow it to cool. 

Decant ftie liquid contents 
into a separating funnel, 
shake with water, and then 
with dilute caustic soda 
solution to remove hydro- 
bromic acid. Place the 
washed brombenzene in 
a litre flask and distil in 
a current of steam (see 
p. 58). The first part of 
the distillate contains the 
excess of benzene, which 
floats on the water and can 
be rejected. As soon as the 
oily drops sink below the 
liquid, change the receiver 
and distil till no more oily 
drops come over.^ 

Separate the monobrom- 

benzene from the water, and dry over calcium chloride ; wheti 
the turbidity has completely disappeared, decant the liquid into 
a distilling-flask and distil. The fraction from 15 2^-155® is 
practically pure. Yield c. 35 grams. 

Brombenzene is a colourless liquid boiling at 155®. Its 
specific gravity is i'5o at 15® It is insoluble \p. water, and is 
pot affected by boiling with alkalies. 

Note.— T he solution of hydrobromic acid obtained in .the above 
preparation should be concentrated by fractional distillation; the 
fraction coming over at a constant temperature of 126® contains 46 

* Towards the end of the distillaUon, if ^considerable amount of a white^ 
crystalline solid collects in' the-condenseiwlow the water to run from the 
cooling Jacket of .the latter, and collect th^listillate in a fresh receiver. The 
‘bil in this distillate, on coolii^, solidifies to a white crystalline mass of 
p-dihrombebsene ; this should be separate aod lecrystalliaed irom alcohol. 
Melting point 89°. , , 
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per cent, of liydrobromic acid ; it is a solution of this strength which 
IS used in the preparation of O’hromtoh^tit (S6C ^ lO^j* 

Benzyl Chloride, C,B,CH,Cl 

If chlorine or bromine be allowed to act on an aromatic 
hydrocarbon at a low temperature in the presence of a catalytic 
agent, the halogen atom substitutes itself in the benzene nucleus. 
If, however, the action of the halogen element on a homologue of 
benzene be allowed to occur at the boiling point of the hydro- 
carbon in the absence of any catalytic agent, substitution occurs 
in the side chain ; thus toluene, when chlorinated at its boiling 
point gives benzyl chloride, which by continued chlorination 
changes to benzal chloride and ultimately to benzotrichloride. 

QH5CH5 C0H5CH3CI QHjCHCla QH5CCI3. 

To obtain benzyl chloride the chlorination is continued till the 
increase in weight corresponds with that calculated for the forma- 
tion of this substance. 

QH5CH3 -h Cla = QHsCHaCl -F HCl 
92 126*5 

Into a wide-necked flask (150 c.c.) weigh 50 grams of toluene. 
Fit the flask to a condenser by means of a cork carrying an inlet 
tube and an adapter, just as in the preparation of chloracetic acid 
Place a sand or oil bath under the flask and keep the toluene 
boiling gently. Pass a steady stream of chlorine into the liquid.^ 
Weigh the flask occasionally till an increase of 19 grams is 
observed.^ Transfer the contents to a distilling flask and distil. 
The fraction distilling below 165° is chiefly unchanged toluene, 
that from i65®-i85° contains most of the benzyl chloride, while 
that above 185^ consists chiefly of benzal chloride and benzo- 
trichloride, whii&h boil at 204® and 314® respectively. The middle^ 
fraction is fractionated twice more, in the second distillarioii*^ 
collecting from i7o°-i8o®, and in the last from i75°“i79'’. 
Yield c. 40 grams. 

Pure benzyl chloride is a colourless liquid, boiling at 178® ; at 
15® its specific gravity is 1*113. Like all aromatic halogen com- 
pounds in which the halogen is in the side chain, the odour is 

' As in the preparation oPcM|pc€tic acid, bright daylight greatly accele^ 
ates the absorption of the chlolj[S| R x?inpIeting the change in a few hours. 

* As an alternative to checking the progress of the reaction by wwgbing, 
chlorination may be continued until the boiling point of the liquid approrimates 
to that of benzyl chloride. 
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irritating, and the substance behaves towards hydrolytic agents just 
like an aliphatic halide. For example, by boiling with water, preferably 
containing a little added potassium carbonate, benzyl alcohol and 
hydrochloric acid are obtained {cf, ethyl bromide or iodide, and 
contrast with chlorbenzene). 

By double decomposition with potassium iodide in alcoholic 
solution ^oil under reflux) benzyl iodide is obtained. 

Benzoic Acid (CsH^COOH) and Benzyl Alcohol 
(CeHjCHaOH), from Benzaldehyde. 

The aromatic aldehydes behave in a characteristic way 
towards caustic alkalies, undergoing simultaneous oxidation and 
reduction, one molecule being oxidized to benzoic acid, while a 
second is reduced to benzyl alcohol. 

zQHfiCHO + HaO = CeH^CH^OH + CgH^COOH. 

In a bottle of 200 c.c. capacity place 20 grams of benzalde- 
hyde, and add a cold solution of 18 grams of caustic potash in 
12 C.C. of water; close the bottle by a cork (a glass stopper 
should not be used), and shake vigorously till the contents form 
a permanent emulsion. Allow the mixture to stand overnight, 
when it becomes pasty from the separation of potassium benzoate. 
Then add water to the mixture till, on shaking, a clear solution is 
obtained. Extract the benzyl alcohol by shaking several times 
with ether, and dry the ethereal solution over anhydrous potassium 
carbonate ; decant the liquid into a distilling-flask, distil off the 
ether, and fractionate the residue through an air condenser; the 
benzyl alcohol comes over at 2oo‘*-3o6"'. Yield r. 8 grams. 

The aqueous liquid remaining from the extraction is acidified 
with sufficient concentrated hydrochloric acid to completely 
precipitate the benzoic acid. After cooling, the benzoic acid 
is filtered off, washed with water, and pressed^ it is then re- 
crystallized from hot water. A little of the crude substance may 
be left for purification by sublimation as follows 

Place a few grams in a porcelain dish, place over the dish a filter 
paper which has been perforated with small holes pin holes), mid 
keep the paper in position by placing over it an inverted funnel. On^ 
car^ully warming ther dish, the benzoic add vaporizes and passes 
through the perforations in the paper, condensing in colourless 
needles on the paper aSid the walls of the^itinnel. 

Benzyl alcohol is a colourless liquid of feeble aromatic odour, 
It boils at 206® and at 15® has a specific gravity 1.049. 
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At the ordinary temperature it dissolves in approilnnrtefy^as 
times its own weight of water. Towards oxidking ^nts it 
behaves just like the aliphatic alcohols, forming 6rst benzaldehyde, 
and then benzoic acid. It forms a crystalline compound with 
calcium chloride (seep. 13). 

Benzyl acetate (b.p. 106® C.) and benzyl benzoate b,p. 

323® C.) can be prepared from benzyl alcohol by treatment ^'^th acetic 
anhydride (see p. 28) and benzoyl chloride (see p. i2o)t§Spectively. 

BENZOIC ACID, 

. c,HyCoon, 

Benzoic acid crystallizes in the form of white shining needles or 
plates, which melt at 121®, and sublime at somewhat higher tempera- 
tures. It is only very slightly soluble in cold water, but readily 
soluble in hot. It is volatile with steam. The salts are mostly soluble 
in water, but ferric benzoate is insoluble, 

1. Heated in an ignition tube, benzoic acid melts and sublimes, 
condensing on the cool parts of the tube. At the same time a vapour 
is given off which has a pleasant aromatic odour, but which causes 
coughing. Charring dp^not take place. 

When heated on plenum foil the acid bums with a blue smoky 
flame. 

2. Benzoic acid and benzoates do not char when heated with strong 
sulphuric add The liberated acid forms a sublimate on the sides of 
the test-tube, and irritating fumes are evolved. 

3. Hydrochloric add precipitates benzoic acid from cold solutiohs 
of benzoates, in the form of a white crystalline precipitate. 

4. When heated with benzoic acid and benzoates yield 

benzene. 

C,H*COOH -f aNaOH = C.He + Na^COa -h HgO. 

By fitting the tube in which the mixture is heated with a cork and 
delivery tube, thf; benzene may be collected in a test-tube cooled in a 
beaker of water. On warming the benzene with a few drops of strmg 
nitric and sulphuric acids, the cliaracteristic odour of nitrobenzene 
will be perceived. 

5. Silver nitrate gives a white precipitate of siWer benzoate from 

neutral solutions of benzoates. The precipitate is soluble in hot water 
and 'm ammottia. > 

6. Ferric chloride produces a buff-coloured precipitalie of basic 
ferric benzoate from neutral solutions of benzoates. The p«fe^itate is 
soluble in hydrochloric acid, but at the same time ben»$ acid 
crystallizes out (see test 3). 

aQHftCOONa + FcCl, +H,0= Fe(C,H6COO)j(OH) 
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, The'^wspipitate, after being filtered off, may also be boiled up with 
ammonii and again filtered. The filtrate will contain ammonium 
benzoate, and the addition of hydrochloric, acidt if the solution is not 
too dilute,, will precipitate the benzoic acid. 

If barium chloride alcohol are added to part of the ammoniacal 

filtratt^ no' pnteipitate is formed (^. succinates). 

7.‘”Chi»heaiing with strong sulphuric acid and alcohol^ benzoates 
and benzoic itad give the pleasant and characteristic odour of ethyl 
benzoate. (Pour into water in a porcelain dish.) 

C.HjCOOH + CjHjOH = C.HeCOOCjHj + H^O. 


SALICYLIC ACIDt 


^COOH (i) 

\OH (2) 

Salicylic acid forms colourless needle-shaped crystals, which melt 
at 155®. It is sparingly soluble in cold water, but more soluble in hot, 
and is volatile with steam. Most of the salicylates are soluble in 
water. ^ " 

1. On being heated in a dry tube, salicylic acid melts and then 
sublimes, there being scarcely any blackening. If rapidly heated, it 
is decomposed, with the formation of phenol and carbon dioxide. 

C«H*(OH)(COOH) = CeHaOH + COa- 

Salicylates char when heated alone, and phenol is evolved. 

2. When heated with sodadimCy phenol is evolved, and may be 
recognized by its characteristic odour. 

QHt(OH)(COOH) -{- 2NaOH = CgH.OH -f NajCOa + HaO. 


3. On being wanned with concentrated sulphuric acidy salicylates 
blacken, and carbon monoxide and sulphur dioxide are evolved.. 

4. Ferric chloride gives a violet coloration .with*salicylic acid or 
neutral solutions of sdicylates. The colour is destroyed by mineral 
acids, but not by acetic acid {cf, phenol). The violet colour is restored 
by neutralization with ammonia. 

5. Salicylic acid and salicylates when heated with concentrated 
sulphuric acid 2 CcA. methyl alcohol give the characteristic odour of 
methyl salicylate (oil of wintergreen). 


yOH 

+CH 30 H = C,H, 
# '^COOH* 


^OH 

>'COOCH 


9 


+ HaO, 


: 6 , Bromine water gives a white precipitate of tribromophenol. 
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7. DiluU hydrochloric acid, cm being added to the solution of a 
salicylate, causes a precipitate of salicylic acid, which is soluble in 
hot water, but crystallizes out again on cooling. 

8. Silver nitrate gives a white precipitate of silver salicylate from 
strong neutral solutions of salicylates. The precipitate is soluble in 
hot wat^ 


BENZALDEHYDE, 

QH^-CHO. 

Benzaldehyde is a colourless liquid, with the pleasant and charac- 
teristic smell of oil of bitter almonds. It boils at 178*3® On exposure 
to the air it rapidly oxidizes, with the formation of benzoic acid. It is 
only slightly soluble in water. It gives the characteristic reactions 
aldehydes. (Schiff’s reagent only reacts very slowly.) 

I. Ammoniacal silver nitrate is reduced, with the formation of a 
silver mirror. 

3. On shaking with a saturated solution of sodium bisulphite, the 
crystalline addition product separates out. 

CjHeCHO + NaHSOa = CjH5CH(0H)S05Na. 

3, To a mixture of 5 drops of phenylhydrazine and 5 c.c. of water 
add 3 drops of glacial acetic acid. Then add 2 drops of benzaldehyde, 
and shake the mixture. The contents of the tube first go milky, 
and then a fiocculent precipitate of benzaldehyde-phenylhydrazone 
separates out. 

QHbCHO -h C^H^NH-NH* * C,HjCH:N.NH.C,H, + H^O. 

4, The formation of benzyl alcohol and benzoic acid by the action 
of very strong caustic soda {40 to 60 per cent.) {cf. preparation on p. 1 15) 
takes place quickly on w’arming. The benzoic acid may then be 
tested for in the usual manner. 

Benzoyl Chloride, C6H5.COCI. 

The hydroxyl group of all carboxy acids can be replaced 
by chlorine, the most convenient agents for carrying out the 
replacement being the chlorides of phosphorus; for those acids, 
eg. acetic acid, which form chlorides easily, the action of phos- 
phorus trichloride or phosphorus oxychloride is sufficient, but 
the aromatic acids, which are less reactive, necessitate the use 
of phosphorus pentachloride. 

QH^COOH + PCI, = CACOCl + POCl, + HCL 

Fit a dry half-litre flask with a reflux air condenser. Remove 
the condenser for a time and introduce into the flask 50 grams 
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of phosphorus pentachlrwride (do this in the fume chamber) ; then 
add 28 grams of benzoic acid. Attach the condenser, arid shake 
together the contents of flask. The reaction soon commences, 
the mass becoming liquid, and abundance of hydrochloric acid 
fumes being evolved. After standing a short time the ^uid is 
decanted^ into a dry distilling flask and distilled in the fume 
chamber. Three fractions should be collected; that from 100®- 
140® is chiefly phosphorus oxychloride, that from I4i®-i90® is a 
mixture, while that from i90°-2oo® is practically pure benzoyl 
chloride. The middle fraction is redistilled, and the part which 
distils between 190® and 200® is added to the previous fraction of 
benzoyl chloride. Total yield c. 25 grams. 

^ Benzoyl chloride is a colourless liquid with an extremely 
pungent odour which excites tears ; it is not miscible with water ; 
its boiling point is 198®, and its specific gravity at 15® is i'2i. 

Hydrolysis.— Benzoyl chloride is only slowly hydrolyzed by water, 
but the action is more rapid with a dilute solution of an alkali. Heat 
a gram of benzoyl chloride with dilute caustic soda solution till the 
mixture becomes homogeneous. Allow the liquid to cool, and then 
pour a little into excess of dilute nitric acid and test for a chloride. 
Acidify the remainder with concentrated hydrochloric acid, and when 
cold filter off the precipitated benzoic acid ; resublime and take iti 
melting point. 

CfiHcCOCl + aNaOH = CeH^COONa + NaCl + HjO. * 

Benzamide, CeHs-CONHa, 

Benzoyl chloride is Very reactive, and constitutes a very 
valuable agent for the preparation of derivatives of benzoic 
acid, eg, the amide, anilide, or esters, For the preparation of 
benzamide it is merely necessary to grind together benzoyl 
chloride with ammonium carbonate. • 

QHsCOCl + 2NH3 =: QHsCbNH, + NH4CI. 

Weigh 10 grams of finely powdered ammonium carbonate 
into a porcelain dish, add 5 grams of benzoyl choride, and 
stir together with a glass rod. Heat the mixture on a water- 
bath till the smell o( benzoyl chloride has disappeared (if 
the odour has not disappeared after ten minutes, add a few 
drops of concentrated ammonia). Add cold water, stir, and 
filter, washing the residue with a little cold water. Recrystallize 
the moist residue from hot water. Yield, theoretical 
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Benzaraide crystallizes in colourless plates, which are very 
slightly soluble in cold water; it melts at 128®. Heated in 
a small tube with phosphorus pentoxide it becomes dehydrated, 
and the odour of benzonitrile becohies evident 


CeH,CONHa - H3O = CeHjCN. 

Hydrolylb.--Boil a gram of benzamide with caustic soda solution 
till a dear solution is obtained \ ammonia is evolved, and the solution 
contains sodium benzoate. Precipitate the add, and identify it by 
the tests given on p. 1 16. 


Phenyl Benzoate, C9H8,GOOC4H5, by thPSchotten- 
Baumann Beaotion. 

The Schotten-Baumann reaction is of great value for the pre- 
paration of the benzoic esters of hydroxy compounds,/^, phenols, 
sugars, glycerol, etc., and of the benzoyl derivatives of primary 
and secondary amines. The process is merely to bring the hydroxy 
compound or amine into contact with an excess of benzoyl 
chloride in the presence of an aqueous solution of an alkali; 
the alkali serves the purpose of removing the hydrochloric acid 
formed, and also at the end of the action of removing the excess 
of benzoyl chloride. 

QH^COCl + C^H^OH + NaOH = QHjCOOQH^+NaCl +HaO. 

Dissolve 5 grams of phenol in 70 c.c. of a 10 per cent, 
solution of caustic soda contained in a small wide-mouthed 
bottle; add 10 grams of benzoyl chloride. Cork the bottle, 
and shake vigorously till the odour of benzoyl chloride has 
completely disappeared. The action may be hastened by 
slightly wanning* the mixture by immersion in a bath of warm 
wa^ At the end of the action the oil in the bottle should, 
on Pooling, solidify to a crystalline mass; the crystals are 
filtered off, washed with water, and recrystallized from alcohol. 
Yield c 9 grams. 

Phenyl benzoate is a white crystalline solid, melting at 69®. Its 
hydrolysis is best performed by caustic potash in alcoholic solution, 
wiieh poUussium phenate and benzoate arc formed. These can be 
separated by passing carbon dioxide through the liquid j the phenol 
is then liberated, and, after dili^h with water, can be extract^ with 
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ether while the sodium benzoate is unaltered ; the benzoic acid can 
afterwards be liberated by mineral acids, 

CaHsCOOC^Ha + 2KOH = C*HaCOOK + CaH^OK + HjO. 

BenzanUide, C*Hj.CO.NHC,Hj, by the Schottln-Bau- 
m^nn Beabtlon. 

The formation of the benzoyl derivatives in a ^ure state is 
of importance for the identification of hydroxy compounds and 
amines. The method of procedure for hydroxy substances has 
just been described ; the action is the same for amino compounds, 
but, as a rule, they do not dissolve in the alkaline solution. 

C.H.nI|+ C,H jCOCl + NaOH 

= C,H,.CO.NKCiH= + NaCl + H, 0 . 

Mix 5 grams of aniline with 100 c.c. of water, containing 
10 grams of caustic soda, in a small, wide-necked bottle, and add 
14 grams of benzoyl chloride. Shake vigorously till the odour 
of benzoyl chloride disappears. Filter off the residue, wash with, 
water, and recrystallize from a mixture of alcohol and water 
(add the water first, heat, and then add sufficient alcohol to 
dissolve the anilide). 

Benzanilide is a white crystalline solid, melting at 163^ 


THE SCHOTTEN-^AUMANN REACTION IN QUALITATIVE 
ANALYSIS, 

The compounds formed by the interaction of benzoyl chloride with 
alcohols, phenols, primary and secondary amines are generally solid, 
and difficultly soluble in water, and the determination of their melting 
point- helps in the characterization of the alcohol, phenol, or amine. 

’ The- following example will show how the reaction is carrfe(j|put 
on a small scale, and, at the same time, how delicate it is, sinc^he 
substance used, aniline (or o-toluidine), is so sparingly soluble in water. 
To a solution pf aniline(or of o-toIuidine) in water add a little benzoyl 
chloride (about ^ c.c.), and then make distinctly alkaline with caustic 
soda. Warm gently for^a short time, shaking the tube meanwhile ; 
keep alkaline. Benzanilide (resp. o>benzotoluide) crystallizes out, and 
may be identified by jjs melting point, 163® (resp. 13 1®), after recry s« 
tallization from dilute alcohol. 

QHjNBj 4-C«H8C0C1.+ NaOH = CcH6NH.CO.CeH5+HjO+Naa 
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Other aromatic acid chlorides react similarly, and may be used instead 
of benzoyl chloride. 


DISTINCTION BETWEEN PRIMARY, SECONDARY, AND 
TERTIARY AMINES, 

Primary Amines may be distinguished from both secondary and 
tertiary amines by the following tests : — 

1. Isonitrile or Carbylamine Eeaotion.— To a very little of the 
substance add two or three drops, of chloroform, and then a few c.c. 
of alcoholic potash. Warm gently. Obnoxious and disgusting odour 
of an isonitrile {cf tests for chloroform and aniline). 

R.NHa + CHCI3 + 3KOH = R.NC + 3KCI + aftaO. 

Note.— A ll primary aromatic amines do not respond to this test, 
eg, naphthylamine. 

2. Hofimann’s Mustard Oil Reaction.— Digest a little of the 
substance with carbon bisulphide and a solution of mercuric chloride. 
Characteristic and very pungent odour of a mustard oil. 

An amine salt of an alkyl- or arylthiocarbamic acid is first formed, 
and this is then desulphurized by the mercuric chloride* 

/NHR 

CS- + 2NH2R = CS 

\SH.NH3R 

/NHR 

CS + HgCla = CSrN.R + NH^R + HgS + 2HCI. 

\SH.NH2R 

To distinguish between aliphatic and aromatic primary amines, use 
is made of the diazo reaction. 

Dissolve the amine in an excess dilute hydrochloric acid, and care- 
fully add a dilute solution of sodium nitrite until free nitrous acid is 
obtained, as evidenced by its action on starch iodide paper. The 
counts of the tube must be kept cold by holding under the tap. 

Divide into two parts— 

1. Pour into a solution of ^-naphthol in caustic sodh. The produc- 
tion of a dye indicates a primal^ aromatic amine (^cf test for aniline). 

2. Heat Nitrogen is evolved. The odour of phenol indicates an 
aromatic primary amin^ ^d that of an alcohol an aliphatic primary 
amine. 

Secondary and Tertiary Amines. — Proceed as in the diazotiza- 
tion of a primary amine. The addition of sodium nitrite gives a 
yellow solution, or else an oily precipitate (solid in some cases) of a 
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nitrosamine. Extract with ether,* free from nitrous acid, by means 
of caustic soda, and carry out Liebermann’s nitroso reaction {cf, 
phenol, p. 107). 

Note.— N itrosodimethylanilinc docs not respond to Liehermann's reaction. 
On adding sodium nitrite to the solution of the dimethylaniline in hydrochloric 
acid, a yellow solution results, and a green precipitate of the p*nitroso com« 
pound forms on the addition of caustic soda. Dlphenyliutrosamine gives a 
deep blue colour with sulphuric add alone. 

The secondary and tertiary amines may be distinguished by the 
following tests 

1. Schotten-Baumann reaction (pp. i 30 -i 3 i) gives an anilide with 
a secondary (and primary) amine and benzoyl chloride. 

2. Terti^lpiines readily combine with methyl iodide to give a 
substituted flrionium iodide.^ 

Mix the amine with methyl iodide in approximately equal propor- 
tions, and warm gently. Crystals of the substituted ammonium iodide 
will be formed (after cooling, if necessary). The crystals are soluble 
in water, and AgNOg gives an immediate precipitate of silver iodide. 
They are not decomposed by caustic soda. 

Ethyl Benzoate, C6H6,COOC8H8, by the Fischer and 
Speier method 

Until the year 1895 it was supposed that to obtain the best 
results in an esterification it was necessary to add large quantities 
of sulphuric or hydrochloric acid to the mixture of the alcohol 
and organic acid ; thus a common procedure was to saturate the 
mixture with hydrochloric acid gas. In 1895, Fischer and Speier 
(Ber. 28, 3252) proved that much smaller quantities of acid were 
sufficient, the most suitable amount being, approximately, 3 per 
cent, ; the part played by the mineral acid is therefore not nearly 
so much dehydrating as catalytic. 

CsH^COOH + QH,OH = C,H,COO(M +H, 0 . 

In a 250 c.c. flask place 100 grams (125 c.c.) of absolute 
alcohol; weigh the flask, and pass into the alcohol a steady 
stream of dry hydrochloric acid gas till an increase in weight of 

^ If the nitrosamine separates out, it mafhe filtered off from the aqueous 
solution, and well washed with water while on the filter-paper to free it from 
nitrous acid. Wet the filter-paper before pouring the solution on to it. 

* Primary and secondary amines also react with methyl iodide, but as a 
rule more slowly than do tertiary amines. Hence the tests for primary and 
secondary amines should be canled out before testing for a tertiary amine, 
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3 grams is observed. The hydrochloric acid gas is very con- 
veniently made by fitting a flask* with a tap funnel and delivery 
tube; concentrated hydrochloric acid solution is placed in the 
flask, and strong sulphuric add is allowed to drip in from the 
funnel.* Hydrochloric acid gas is evolved ; it should be dried by 
bubbling through concentrated sulphuric acid, arid then^ passed 
through a laige vertical pipette into the alcohol. Care should 
be taken that the alcohol does not suck back into the wash-bottle. 

When the 3 per cent, solution of hydrogen chloride in alcohol is 
ready, 50 grams of benzoic acid are introduced into the flask, a 
reflux condenser fitted, and the mixture is boiled on a water-bath for 
two hours. The excess of alcohol is then distilled 0^^ the water- 
bath, and the residue is poured into 300 c.c. of wad^ powdered 
sodium carbonate is then gradually added and carefully- stirred in 
till the liquid is no longer acid to litmus. The oily ester is then 
removed from the mixture by extracting twice with ether; the 
combined extracts are dried over anhydrous calcium chloride, 
and after distilling oflf the ether the residue is fractionated, the 
ethyl benzoate distilling over between 205° and an®. Yield 
c. 45 grams. 

Ethyl benzoate is a colourless, oily liquid of specific gravity 
1*050 at 15®. It has a pleasant aromatic odour, and boils at 
213®, It can be hydrolyzed in the usual way,, giving ethyl 
alcohol and benzoic acid. 

^ Although, at first sight it may seem more satisfiictory to drop the hydro- 
chbric add into the strong sulphuric acid, and so avoid the necessity of a 
drying-bottle, this procedure is unsuitable, because the hydrochloric add tends 
to float on the sulphuric add instead of mixing with it. 



CHAPTER XI 


OH 


OH 


o- and p-I^rophenols, 


NOg 


When a nitro group is substituted into phenol, the substitution 
takes place, as would be expected, in the ortho and para positions 
to the hydroxyl group; the two isomeric nitrophenols are easily 
separated by making use of the volatility of the ortho compound 
with st^m, the para compound being practically non-volatile at 
100®. The nitrating agent is fairly dilute nitric acid. 


OH 



NOg 


In a small flask place 40 grams of phenol, adc^5 c.c. of alcohol, 
and warm gently until a homogeneous liquid is obtained. Into a 
large flask (i litre) measure 70 grams (50 c.c.) of concentrated nitric 
acid, and add 160 cc. of water. Introduce the molten phenol 
in small quantities into the larger flask, shaking well after each 
addition; the temperature of the mixture should be kept through- 
out below 30® by imipersion in cold water. The rnixture of 
acid and phenol becomes dark coloured, and a dark oil separates; 
allow to stand several hours (preferably overnight), and then add 
twice its volume of water. After well shaking, the contents are 
allowed to settle, and as much as possible of the upper aqueous layer 
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is decanted off; the washing and decantation arc again repeated. 
To the residue in the flask (chiefly o- and p-nitrophenols and some 
tarry matter) are added 300 c.<;. of water, and the mixture is 
distilled with steam untO the condensed liquid is practically 
colourless. Should the o-nitrophenol solidify in the condenser, 
run the water out of the cooling jacket for a short time. The 
steam soon melts the solid, and clears the tube of the condenser. 
Then run the water into the cooling jacket again ; this must be 
done slowly, or else the hot condenser may be cracked by the 
cold water. The distillate, which should be collected in several 
fractions, on cooling deposits practically pure o-nitrophenol in the 
form of needles; the crystals are Altered off, pressed, and dried. 
If necessary, they may be recrystallixed by dissaving in hot 
alcohol, carefully adding water till a slight turbidity is produced, 
and allowing to cool^ Yield c. 15 grams. 

To' obtain the p-nitrophenol from the residue in the flask, boil 
several times with 200 ac. of water ; filter the extract each time 
through a fluted filter-paper. There still remains in the residue a 
certain amount of nitrophenol, to abstract which it is necessary to 
boil with a mixture of 35 c.c. of concentrated hydrochloric acid 
and 70 C.C. of water ; this extract is filtered, combined with the 
previous ones, and the whole boiled for half an hour with 10 grams 
of animal charcoal in a large porcelain dish; the liquid is then 
filtered through a previously moistened paper to remove the 
charcoal. The clear solution is made just alkaline by the addition 
of caustic soda solution, and then evaporated down to a bulk of 
approximately 100 ca; on cooling, the sodium salt of the 
nitrophenol separates in the form of yellow crystals. These should 
be filtered off, dissolved in a little hot water, and a s%ht excess 
of concentrated hydrochloric acid added; after cooling, the 
crystals of p-nityophenol are filtered off and recrystallized from 
hot water. Yield c, 7 grams. 

o-Nitrophenol consists of yellow needles which melt at 45®, 
and boil at 214®; it has a characteristic odour, is slightly soluble 
in water, and very soluble in alcohol and ether. 

p-Nitrophenol consists of needles which are aln|08t colourless; 
it melts at 1 14®, and has no odour; it is easily soluble in 
alcohol and hot water* 

Both the above nitrophenols are soluble in solutions of the alkalies, 
the ortho compound giving salts with a dark red colour, while the 
salts of the para compound are a strong yellow ; the solutions have 
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the same colour as the solid salts. On account of their decided acid 
character, they decompose sodium carbonate, giving salts, and conse- 
quently they cannot be separated from solutions of their salts by the 
action of carbon dioxide. Both substances, on warming with zinc and 
dilute sulphuric acid for a short time, are reduced to the corresponding 
aroinophenols ; the solution containing these can be decanted hxim 
the zinc^ cooled, and diazotized ; on pouring into an alkaline solution 
of / 3 -naphthol, a red dye is obtained. 


OH 

Picric 

NO, 

Only three nitro groups can be substituted into phenol, the 
final nitration product being trinitrophenol or picric acid. The 
method of nitration is to dissolve phenol in concentrated sul- 
phuric acid, when phenol sulphonic acid is obtained. 

^ C,H»OH SO, (OH), « CeH40H.S0a0H + H,0. 

This phenol sulphonic acid, on treatment with nitric acid, yields 
first a mono and then a dinitro substituted product, and the latter, 
on further action with nitric acid, undergoes a kind of double 
decomposition with formation of trinitrophenol and sulphuric 
acid 

QH40H.S0,0H + 2HONO, = CaH,OH.(NO,),.SO,OH + 2H,0. 
C,H,0H.(N0^,.S0,0H -h HONO, = C,H,(N0,)30H + SO, (OH),. 

Mix 12*5 grams of phenol with 12 *5 grams (7 c.c.) of con- 
centrated sulphuric acid in a small fiask, and heat in a steam 
oven until a clear solution of phenol sulphonic acid is obtained ; 
carefully add to the solution 10 c.c. of wate^ and cool well 
Introduce the cold mixture, in small quantities at a time, into a 
fairly large fiask containing 50 grams (33 c.c.) of concentrated 
nitric acid, shaking well after each addition. Brown fumes are 
evolved owing to part of the’phenol being oxidized by the nitric 
acid. After the addition of all the phenol sulphonic acid, 
13 grams of (tuning mtric acid are added, and the mixture is 
heated for two hours on the water-bath. On cooling, the {ncric 
acid crystallizes out; the cold mixture is diluted with water, 
filtered, and the crystals wa^ed with cold water. Recrystallize 
from hot water to which a little sulphuric add has been added. 


Acid (Trinitrophenol), 


NO< 


0 ""' 



12S 
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Picric acid crystallizes from aqueous solutions in the form of pale 
yellow laminae; from ethereal solutions as yellow prisms. It is 
slightly soluble in water, giving a yellow solution ; very -soluble in 
alcohol and ether. It melts at 122*5®, and sublimes if slov^y heated, 
but if a few milligrams are dropped into a red-hot tube, violent detona* 
tion occurs ; if heated on platinum foil it decomposes and bums 
quietly. The aqueous solutions are acid, and it forms salts which 
in most cases have an intense yellow colour, and explode when struck 
or when slowly heated. The potassium salt is only slightly soluble in 
water. 

1. Mix a solution in benzene with a solution of {d) naphthaline^ {J>) 
anthracene^ in benzene, and evaporate. Naphthalene picrate (yellow 
crystals) and anthracene picrate (ruby red crystals) separate out, which 
melt at 149® and 138® respectively. 

In the case of a salt of picric acid, hydrochloric acid is added to 
the aqueous solution, and the picric acid extracted with benzene. 
(The picric acid is precipitated by the HGl, but on shaking up with 
benzene most of it goes into solution in that solvent. The upper 
layer is pipetted olf and used for the test.) 

2. On warming an aqueous solution of picric acid with potassium 
cyanide an intense red colour is produced. 

3. The nitro groups may be reduced to amino groups by /m and 
hydrochloric and then the diazo reaction applied, as given 
on p. 122. 


Anisol or Phenyl Methyl Ether, QH1OCH3. 

The interaction of monohalogen derivatives of aliphatic hydro- 
carbons with the sodium salts of the alcohols i»:ovides a general 
method for preparing mixed ethers, i,e, ethers containing two 
different radicles linked together by the oxygen atom. 

QHsONa + CHjI « QH^OCHa -}- Nal. 

The sodium « compounds of thp phenols react in a similar 
manner with alkyl halides, even in presence of water, giving 
mixed ethers containing a fatty and in aromatic radicle. 

C,H.ONa + CH,I =» 4 H, 0 eH, + NaZ. 

Place 30 C.C. of methyl alcohol in a small flask^^add ij grams 
of sodium cut into small slices, or pressed into wire by means of 
a sodium press, and attach the flask to a reflux water condenser ; 
when the sodium has dissolved, allow the liijuid to cool, arid add 
12 grams of methyl iodide arid 6 grams of phenbl. Heat the 
mixture on a water-batb under a reflux condenser for two to three 
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hours, till the liquid is no longer alkaline; distil off as much of the 
alcohol as possible on the water-bath, and mix the residue with 
cold water in a separating funnel, when an oily layer of anisol 
rises to t£e surface. Extract with ether, and dry the ethereal 
solution over calcium chloride ; remove the ether on a water-bath, 
and finally distil the residue over wire gauze, using an air con- 
denser. ’Collect from 150^-154° 

Anisol is a colourless liquid of pleasant odour, and boils at 
*54^1 at 15® its specific gravity is 0*997. It is unaltered by 
boiling with solutions of caustic alkali. 


NAPHTHALENE, 

C,oH,. 

Naphthalene crystallizes in white monocllnic tables, which melt at 
and boil at 2i8'2® It possesses a very characteristic odour. 
It sublimes very readily, and is volatile with steam. It is insoluble 
in water, but readily soluble in alcohol, benzene, ether, and glacial 
acetic acid. 

Mix a solution of naphthalene in benzene with a solution of picric 
addin benzene. On evaporation, yellow crystals of naphthalene picrate, 
[CjoHg.CeHjlNOjljOH], separate out, which melt at 149®. 

The above properties, ie. very characteristic odour, melting point, 
and melting point of the picrate, are sufficient to characterize naphtha- 
lene* The oxidation to phthalic acid may be done with nitric acid 
(i volume concentrated acid to 3 volumes water), but it takes a long 
time. , The quickest way of preparing phthrlic acid would be to carry 
out the preparation (p. 132) on a small scale. The phthalic acid could 
then be identified by the formation of fluorescein p. 136). 


jS'Naphthalene Sulpho|iic Acid, 

t 

As has already been men%ned, the benzene hydrocarbons 
have . the cbaraeteristic property of being readily attacked by 
svflphuric add forming sulphonic adds, e,g, benzene gives benzene 
sulphonic add,* CsH^SOaOH. The action is rather slow with 
ordinary sulphuric ad^, and consequently fuming sulphuric add 
is sometimes used ; .with the use of this latter agent, however, 
some sulphone compound is often formed at the same time, eg, 
benzene sulj^one, (CsHg}sS09. Naphthalene treated with sulphuric 

K 
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acid yields a mixiure of two isomeric sulphonic acids, the relative 
amounts of each in the mixture depending to a great extent on 
the temperature at which the reaction proceeds; at 8o®“ioo® the 
a-acid is the chief constituent, while at i6o®-i8o® tlie product 
consists mainly of the ^-acid. 

Mix 50 grams of finely powdered naphthalene with an excess 
of concentrated sulphuric acid (35 c.c.) in a small flask," and heat 
in an oil-bath at 170^-180® for four hours. Allow the liquid to cool 
somewhat, and then pour it carefully, with constant agitation, into 
a litre of water in a large porcelain dish. Heat the liquid to 
boiling, and neutralize it by adding a thick aeam of precipitated 
chalk (c, 70 grams) and water, stirring thoroughly after each 
addition, till the addition of more calcium carbonate causes no 
further effervescence. Filter the hot liquid through a wet calico 
filter, wash the residue on the filter wiA boiling hot water, and 
finally squeeze as much of the liquid as possible from the pasty 
residue. If the latter portion of the filtrate is turbid, filter it 
again through a filter-paper. The clear solution of the calcium 
salt of the sulphonic acid is then evaporated over a small flame 
till a small quantity, when withdrawn on a glass rod, will crystallize 
on cooling. The solution is then allowed to cool, and the deposited 
salt is filtered off and well pressed ; it is redissolved in hot water, 
and a concentrated solution of sodium carbonate is added, till, 
on filtering a small portion and adding a little more sodium car- 
bonate solution, all the calcium is found to have been precipitated. 
The calcium carbonate is filtered off, and the filtrate is evaporated 
on a water-bath till it begins to crystallize. The liquid is then 
allowed to stand several hours at the ordinary temperature, and 
the sodium /fl-naphthalene sulphonate is filtered off ; a second crop 
can be obtmned by further evaporation of the mother liquor. 
The substance is then first dried by pressing, and subsequently by 
standing in the air or heating on a water-bath. Yield r. 60 gratns.^ 

On mixing cold aqueous solutions of sodium j8-naphthalene* 
sulphonate and a ferrous salt, a precipitate of |he colourless salt 
(CioH7.S03)3Fe,6H20 is obtained, which is sparingly soluble in cold 
water. 

* The crude sodium salt may be obtained more directly by cautiously 
adding the cooled mixture of naphthalenesalphonic acid and sulphuric acid, 
obtained as the prim^ reaction product, drop by* drop to 500 c.c. of a cold 
saturated solution d* common this should be kept well shaken and 
water-cooled. The sodium ^naphthalene sulphonate which separates is 
drained on a Buchner funnel and dried as above. A little can be purifiM, if 
de^red, by recrystallization from alcohol. 
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On fusion with caustic alkali the sulphonic acid derivatives 
of the aromatic hydrocarbons yield the corresponding hydroxy 
derivatives. This is the method by which most phenols are 
prepared; phenol is obtained m this manner from potassium 
benzene sulphonate and the naphthols from the naphthalene 
sulphonates. 

CioH^SOaONa + sNaOH = CjoH^ONa + Na^SO, + HjO. 

For this preparation a large nickel or iron crucible (capacity 
i to I litre) is required, and also a metal stirrer consisting of a 
hollow iron tube closed at one end and fitted into a cork near 
the other end (the cork is for convenience in holding the stirrer 
when the latter gets hot during*the experiment). A little mercury 
is placed in the tube, and a thermometer is introduced so that its 
bulb reaches down into the mercury. 

Break 90 grams of caustic soda into small pieces and place in 
the nickel crucible; add 3 ac. of water and heat carefully, stirring 
with the iron tube, till the thermometer shows the fused mass to 
be at 280®. (N.B. It is advisable to wear an old glove during 
this fusion as the caustic soda may sputter on to the hand.) The 
temperature is then maintained constant while 30 grams of sodium 
^•naphthalene sulphonate are added in separate portions of, 
approximately, 5 grams; the molten mass is vigorously stirred after 
each addition, and the temperature is allowed to rise each time 
to 280® before introducing the next portion. When all the 
sulphonate has been added, the heating is increased; the liquid 
becomes more viscid and froths as the temperature rises, and at 
a temperature of 310® the reaction proper commences. This 
temperature is mamtained for about ten minutes, when the reaction 
will be practically complete, as evidenced by the melt becoming 
more fluid and separating into two layers. The heating is then 
stopped, and the product is poured out on to a copper tray and 
allowed to solidify. It is then broken up, dissolved m 500 c.c. 
of water, and treated with a mixture of equal volumes of strong 
hydrochloric add and water till it reacts acid to litmus. After 
cooling, the precipitated ^-naphthol is filtered off and rec^stallized 
from water. Yield c, 15 grams. 
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^'•Naphthol cfystallizes in small colourless pktes which melt 
at 122° and boil at 286°. 

With ferric chloride solution the aqueous solution of j3-naphthol 
gives a green colour, which very quickly disappears, and a white 
precipitate of dinaphthol, CjoHnOa, separates. 

^-Naphthyl acetate, C|oH,OCOCHj, can be prepared Jay boiling 
together 3 grams of / 5 -naphthol with 7 grams of acetic anhydride for 
a quarter of an hour, pouring the product into water and stirring. 
The crude solid which separates is recrystallized from a small quantity 
of alcohol or a mixture of alcohol and water. Melting point 70®. 

jS-Naphthyl benzoate, C,oHjOCOCeHc, can be prepared by the 
Schotten - Baumann reaction, as described for phenyl benzoate. 
Recrystallize the product from alcohol and watbr. Melting point 107°. 


Phthalic acid, or more correctly ortho phthalic acid, is nearly 
always prepared by the oxidation of naphthalene ; in recent years 
the oxidation has been carried out on a large scale, in the pre- 
paration of artificial indigo. The method of oxidation which 
has proved a commercial success, is to heat naphthalene with 
concentrated sulphuric acid an^ a little mercuric sulphate; the 
latter acts as a catalytic agent, being recovered unchanged at 
the end of the operation, when it can be used for the oxidation 
of a fresh quantity of naphthalene. As the oxidation takes place 
at about 300°, the substance which distils is phthalic anhydride, 
which fairly readily combines again with water giving phthalic 
acid. 


00'^'’° = 0cOoS + ^CO, + HA 

Or- 

= CaH4(COOH)2 + 2CO3 *|“«toHaO -[*■ 9SO2. 

In a fairly large retort (400 c.c.) place 20 grams of naphtha- 
lene, 10 grams of mercuric sulphate (or 7 grams of mercury), and 
add a mixture of 150 c.c. of concentrated sulphuric acid with 
40 c.c. of water. Clamp the retort so that the beak will act as 
a reflux condenser, and hm the mixture carefully till the-naj^- 
thalene has dissolved (this is the case when the layer of medten 
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naphthalene disappears from the surface). N(>w place the retort ' 
in a fume chamber, arrangbg it as in an ordinary distillation, 
fit over the end of its beak a glass tube about i| feet long to 
act as an air condenser, and heat the retort strongly over a 
naked flame (dunng this distillation it is advisable to keep a 
tray of sand on the bench under the retort to absorb the acid 
if the retort should crack). The liquid darkens, and sulphur 
dioxide iS copiously evolved. At first a little unchanged naph- 
thalene may distil over, but afterwards crystals of phthalic 
anhydride appear in the condenser and receiver, The distillation 
is continued till the residue in the flask has become viscous or 
even solid ; the residue contains the mercuric sulphate, and can 
be used for the oxidation of another lot of naphthalene. The 
distillate is a mixture of sulphuric acid, phthalic anhydride, and 
a little phthalic acid; it is poured into twice its bulk of water, and, 
after coolii^, the solid is filtered off, washed, and dried. Yield 
c, 9 grams. A small quantity of this solid is then dissolved in 
hot dilute caustic soda solution ; on acidifying the solution with 
dilute hydrochloric acid, the phthalic acid separates out on 
cooling. 

. Phthalic acid crystallizes from water in small white tables. It 
po^esses no definite melting point, because when heated it becomes 
dehydrated to a greater or less ext^t into the anhydride ; as usually 
determined, the melting point varies between 180® and 200®. The acid 
is only very slightly soluble in water; at 14®, 5 parts in 1000. 

Phthalic anhydride is easily obtained by subliming a little 
phthalic acid in the manner described previously for benzoic acid. 


QH4(C00H), = (^H,{C0),0 + 1^0. 

The substance forms beautiful needle-shaped crystals, which 
melt at 128®; it boils at 284*^. On dissolving in hot water, 
boiling for son^ time, and then allowing to crystallize, phthalic 
acid is again obtained. 

Take half the remaining crude phthalic anhydride, add half its 
bulk of phenol and an equal bulk of sdphuric acid, and boil die miicture 
for a minute or sa dn pouring the red liquid into water an almost 
colourless solid is obtain^. If a litde of t^s be dissolved in dilute 
caustic soda, a red solution is obtmned, which is decolourized by the 
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addition of dilute acid. The colour change is due to the phenol- 
phthalein formed. 

xCO 

QH. >0 + 2C,HflOH = C,H*/ + HjO. 

^CO 

Mix the other half of the crude anhydride with approximately half 
its weight of resorcinol and a little concentrated sulphurid acid, and 
heat the mixture in a test-tube for a few minutes till the liquid becomes 
red. Dissolve a little of the cold product in caustic soda solution and 
pour into a beaker of cold water, when a beautiful green fluorescence 
will be observed when the liquids mix ; this is due to the fluorescein 
formed. 


^CO 

QH, >0 + 2CgH4(OH)a - 

•^co \C0^ 


^ >0 

+ 2HaO. 


ANTHRACEtfE, 

Anthracene crystallizes in four- or six-sided monoclinic white tables, 
which melt at 216*5®. When quite pure it shows a violet fluorescence. 
The ordinary purified anthracene is distinctly yellow in colour. 'It 
is insoluble in water, but sparingly soluble in dcohol, glacial acetic 
acid, ether, and benzene, the last liquid being the best solvent 

1. Mix a solution of anthracene in benzene with a solution of picric 
acid in benzene. On evaporation, ruby-red crystals of anthracene 
picrate, C,4H,o.CjHj(TOa)80H, separate out. Melting point 138®. 

2. Dissolve a' little anthracene m a small quantity of ho^^/dr^^/ 
acetic add* Add roughly twice, the weight (of the anthracene) of 
chromium trioxide^ and heat to boiling. On pouring the contents of 
the test-tube into water, anthraqmnone separates out. Wash with a 
little dilute sulphuric add, and then with water, and ^crystallize from 
gladal acetic add. Anthraquinone forms yellow rhombic crystals, 
which melt at 284*6® ; on sublimation it gives yellow needles. 

The crude anthraquinone may be tested for as follows. On warm- 
ing with caustic soda and a little sine dusty a red coloration is pro- 
duced Xo^canthranol). If the red liquid is poured ofiT firom the zinc 
dust and shaken up in a te^ 4 ube, the colour gradually disappears, 
pwing to oddation by the air, anthraquinone being aghin formed. 
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Anthraquinone^ 

Anthracene is oxidized by suitable Oxidizing agents^ forming 
anthraquinone, a substance which is an important step in the 
manufacture of the colouring matter alizarin. For the preparation 
of anthraquinone on a large scale the usual oxidizing agent is a 
mixture of potassium bichromate with concentrated sulphuric 
acid; for the preparation of comparatively small quantities in 
the laboratory, a solution of chromic acid in glacial acetic acid 
is used. In both cases the oxidizing agent is taken in excess. 

C.HXch>C«H. + 30 = C,H,<CO>C,H. + H,0. 

Into a |-litre flask, fitted with a reflux air condenser, introduce 
a mixture of 10 grams of anthracene with 100 c.c. of glacial acetic 
acid; heat the mixture over wire gauze till it boils and till the 
anthracene has dissolved. Dissolve 20 grams of chromic add, 
(CrO,), in 15 c.c. of distilled water, and add 50 c.c. of glacial 
acetic acid ; place this solution in a tap funnel, and allow the 
mixture to drip from the funnel down the condenser into the 
boiling solution of anthracene. The addition of the chromic 
acid solution should take about three-quarters of an hour; the 
liquid in the flask is then boiled for a quarter of an hour more, 
and then, on pladng a drop of the liquid on a silver coin, a brown 
stain should be produced, showing an excess of chromic add. 
The mixture is dlowed to cool, and is poured into 500 c.c. of 
water. After standing for a short time the precipitated anthra- 
quinone is filtered off, washed well with hot water, then with a 
little warm dilute caustic soda solution, and fi^lly again with 
water. Yield, almost theoretical, c, 10 grams. 

The substance may be purified by sublimation. The melting 
point of the purified spedmen should be taken ; the melting 
point of pure arfthraquinone is 285°, and the boiling point 382®. 

Scheme for the jl^LAssiFiCATiON and Identification 
OF AN Organic Compound. 

A full scheme is given on pp. 211-227. The student should 
leave out of consideration substances or classes of compounds 
which are not mentioned in Parts L and II. of this book. 
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CHAPTER Xir 

Diazoaminobenzene QH^Na-NHCgHy 

As has been previously mentioned under the preparation 
of diazonium compounds, diazonium salts condense with primary 
anilines, yielding diazoamino compounds. These, however, are 
more easily obtained by diazotij^g the aniline in the presence 
of insufficient add for complete conversion into the diazonium 
salt; the diazonium salt formed then reacts with the unchanged 
aniline, thus giving diazoaminobenzene in one operation. 

CaH,N2,HS04 4- NHsCsHb * QH,Na.NHC#Hj + H 3 SO 4 . 

Pour a mixture of 6 grams of sulphuric acid and 600 c.c. 
of water into a large beaker (i litre) and add 20 grams of 
aniline. Warm the mixture to 30“ add slowly 7*5 grams of 
sodium nitrite dissolved in a little water, and stir thoroughly ; 
maintain the temperature constant for a quarter of an hour. The 
diazoaminobenzene soon be^s to separate. The mixture is 
allowed to stand at the ordinary temperature for half an hour ; the 
diazoaminobenz^e is then filtered off, washed with cold water, 
and pressed on a porous plate. Yield c 19 grams. A little may 
be recrystallized from ligroin ; this shoitid be done as expe- 
ditiously as possible becausfi the substance depomposes if its 
solution is boiled for any length of time. Shake the crude 
product with hot ligroin of B.Pt. about 6o'’~7o®, filter (away from 
flames), and CQol quickly. 

Diazoaminobenzene crystallizes in goIden-yeHow plates, which melt 
at 98*^ ; the substance explodes at a slightly higher temperatuie^ The 
hydrogen atom attached to nitrogen is replaceable by metals j 
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alcohoUc solutions of the substance and of silver nitrate be mixed, a 
red crystalline precipitate of QHoNj.NAgCjH^ is obtained. 

Aminoazobenzene, CeH8N2.CeH4NH3. 

Diazoamino compounds, if suspen(|ed in dilute hydrochloric 
acid, or if kept in ^coholic solution mixed with aniline hydro- 
chloride, slowly undergo rearrangement into para-aminoazo 
compounds ; if the para position is already substituted an ortho- 
aminoazo compound is obtmned. The action is especially favoured 
by dissolving the diazoamino compound together with some of 
the hydrochloride of the corresponding aromatic amine in the 
amine itself. Diazoaminobenzene treated in this way yields 
p-aminoazobenzene. 

QH^Na-NHCeH, = C6H6N3.CflH*NHs, 

Mix together. 10 grams of powdered diazoaminobenzene, 

5 grams. 6f aniline hydrochloride and 20 grams of aniline, and 
warm to 40® for lan hour. Allow the mixture to stand overnight. 
Treat the reaction mixture with dilute acetic acid, when the 
aniline will dissolve, and the aminoazobenzene separate as a 
friable crystalline mass. Filter and purify by recrystallization 
from dilute alcohol. 

p-Amlnoazobenzene forms brownish- yellow needles which 
melt at 126° ; it is a very stable substance, which can be boiled 
at a temperature above 360® without decomposing. It is a 
weak base, which does not form salts with weak acids, acetic, 
but will do so with mineral acids ; it gives a hydrochloride 
which crystallizes in bluish-violet needles, which dissolve in water 
with a red colour, 

Oa account of the presence of the amino group^ the hydrochloride 
can be djazotized, forming adiazonium salt which gives a coloured dye, 
a so-called “ disazo” compound, with /9-iiaphthol. 

C,H,N3.C4H4NH3 C^HfiNg-CeH^NjCl 

C8H4N3,C<,H4N3.C,oH,OH. 

On reduction with stannous chloride {^ide helianthine, p. 149) it 
forms aniline and p-phesiylene diamine. The latter substance gives a 
violet colour (Lauth’s violet) when treated in dilute acid solution with 
sulphuretted hydrogj^p and dilute ferric chloride (^. p-amino di- 
methylaniline). Therefore, after the reduction, make alkaline, extract 
with ether, and, after evaporating off the latter, test the remaining 
mixture of aniline and p-phenylene diamine in the manner described. 
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p-NitroBodlmethylanillne, NOCAN(CH|V 

Primary aromatic amines on treatment with nitrous acid in acid 

— N— 

solution yield diazonium compounds, containing the ||{ group; 

N 

secondary amines )ield nitrosamines containing the = N.NO group. 
Many tertiary aromatic amines have no action with nitrc^ acid, 
but those which are dialkyl anilines, containing an unsubstituted 
hydrogen in the para position, form substances with a nitroso 
group substituted in the para position, para^nitrosodialkyl 
anilines. 

(CH,).n(^ + HNO, = (CH,)sN<^NO + H.O. 

Dissolve 20 grams of dimethylaniline in a mixture of 70 c.c. 
of concentrated hydrochloric acid with 50 ac, of water; cool 
the solution in a freezing mixture, and add slowly, in small 
portions, with continual shaking, a solution of la grams of 
sodium nitrite in 20 c.c. of water. Allow the mixture to stand 
in the cold for about an hour, and then filter off the yellow 
nitrosodimethylaniline hydrochloride which has separated, and 
wash the precipitate with a little dilute hydrochloric acid. Yield 
c. 23 grams. Three-fourths of the hydrochloride may be purified 
by recrystallization from hot water containing a few drops of 
hydrochloric acid. 

To obtain the free base, take the remaining crude hydro- 
chloride, mix into a thin cream with water, and treat in the cold 
with caustic soda solution till the liquid becomes alkaline; the 
green free base is liberated. The base is extracted with ether, 
the ethereal solution dried over potash, and after decanting from, 
the latter, most of the ether is distilled off; the residual solution 
is poured into a Cieaker, and aUowed to crystallize. 

Para-nitrosodimethylanilipe^crystallizes in large green leaves, 
which melt at 85°; its hydrochloride crystallizes in small yellow 
needles. 

Beaotions.— Although a nitroso compound, this substance does 
not respond to Liebermann’s nitroso’’ reaction. 

On reduction in dilute hydrochloric acid solution by granulated 
zinc, the nitroso group is transformed into <in amino group, an 
almost colourless solution of p-aminodimetbylaniline being obtained. 

NO.C,H4N(CHe)8 + 6H « NH8C,H4N{CH8)8 + aH, 0 . 
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A little of this solution, on diluting with water .and treating with 
a little sulphuretted hydrogen and ferric chloride solutions, gives the 
methylene blue test {cf, p. 150). 

Add 5 grains of nitrosodimethylaniline hydrochloride in small 
quantities to a boiling solution of 5 grains of caustic soda in 200 c.c. 
of water, wsuting for each portion to dissolve before adding the next. 
The odour of dimethylamine will be observed in the steam. When 
the green colour has been replaced by a reddish-brown, allow the 
liquid to cool, acidify with hydrochloric acid, and extract with ether. 
After removal of the ether in the usual way, a dark crystalline residue 
of p-nitrosophenol (quinone oxime) is obtained ; if required, this 
can be recrystallized from benzene, but for the following two tests 
purification is unnecessary. 

NOC,H*N(CHJa + HjO ^NOC^H^OH + HNCCH,),. 

t. As a nitroso compound, nitrosophenol gives the Liebermann’s 
reaction (j'.w.). 

2. It dissolves in caustic soda solution with a reddish-brown 
colour, and is reprecipitated as a colourless solid on adding acid. 

Benzoin, CeH,CO.CHOH.CeHB. 

When an alcoholic solution of benzaldehyde is heated with 
a small quantity of potassium cyanide, the benzaldehyde poly- 
merizes, forming benzoin. 

sCeHjCHO = C,HflCO.CHdH.CeH|. 

This action is not restricted to benzaldehyde, but is common 
to many aromatic aldehydes. 

Dissolve 5 grams of potassium cyanide in 50 c.c. of alcohol 
and add 25 grams of freshly distilled benzaldehyde. Heat the 
mixture on a water-bath for half an hour, in a small fiask fitted 
with a reflux condenser. Allow to cool ; filter off the separated 
benzoin, and recrystallize a portion from a little alcohol. Yield 
<*. 30 grams. , • 

Benzoin crystallizes in colourless prisms, which melt at 137®. It is 
slightly soluble in hot water, very soluble in hot alcohol, but only 
slightly in cold,* When dissolved in concentrated sulphuric acid it 
gii^s a violet colour. It reduces Febling’s solution, itself becoming 
oxidized to benzil. 

'■ Benzil, or Dibenzoyl, CjHa.CO.CO.CaHs. 

The -CHOH group of benzoin can easily be oxidized to a 
ketone group in the usual manner of secondary alcohols. 
C,H,.CH 0 H.C 0 e,H 6 -f 0 = QH,.CO.CO.C,H, -f HA 
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Place 15 grams of benzoin in a small flask, add 35 cc. of 
strong nitric acid, attach an air condenser, and heat on a water-bath 
for about two hours. At the end of the action the benzoin 
crystals will have disappeared completely, and a clear oil will 
remain in its place. Pour into cold water, when the oil will solidify 
to a yellow solid. Filter off this solid, wash with waj:er, and 
recrystallize from alcohol. Yield 12 grams. 

Benzil crystallizes in pale yellow needles, which melt at 95^. It 
forms three distinct dioximes, whose existence is accounted for by 
stereoisomeric differences, as explained under the Beckmann re- 
arrangement (p. 142). On boiling with freshly-made alcoholic potash 
a violet colour is obtained. 

BenzUio Acid, or BiphenylglyooUic Acid, 
(C«H6)2COH.COOH. 

When benzH is heated with fused caustic potash, a reagent 
which often causes the disruption of , the molecule of an 
organic sub^nce, not only is the benzil not disrupted but a 
remarkable rearrangement occurs, in which two phenyl groups 
become attached to the same carbon Itom. The product of the 
action is the potassium salt of benzilic acid. 

GeH,.C 0 .C 0 .C 46 + KOH= (esH,),COH.COOK. 

Place 50 grams of caustic potash and 5 c.c, of water in a 
nickel crucible, and fuse the mixture. Regulate the temperature 
to 150®, and add ten grams of finely powdered benzil. Stir the 
mixture with a stout iron wire (holding the latter by means of a 
cork), when the mixture soon sets to a solid mass on account of 
the formation of potassium benzilate. Allow to cool, dissolve in 
water, and precigitate the benzilic acid by acidifying with hydro- 
chloric acid. Vl^en cold, filter off the precipitate, dissolve in hot 
water, and boil fora quarter of an hour, when traces of benzoic acid 
which have been formed mil pass off in the steam j again allow to 
C06L The benzilic acid separates in small colourless needles."' 

Benzilic acid melts at 150®. It is readily soluble in alcohol and 
ether and boiling water, but is only slightly soluble in cold water. It 
is dissolved by concentrated sulphuric acid, with formation of a red 
colour, which disappears on dilution 

' The conversion of benzil into b^Iic acid can also be diected by boiling 
with alcoholic potash untH the violet colour has disappeared.. 
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Acetophenone, CHgCO.CA, by the Friedel and Crafta 
Beaction. ^ ' 

The Friedel knd Crafts reaction, which is applicable to the 
preparation of aromatic hydrocarbons and ketones, depends on 
the catalytic effect of anhydrous aluminium chloride in the 
elimination of hydrochloric acid from a mixture of two substances, 
one of ^hich is a hydrocarbon and the other a chloro-compound. 
Thus triphenyl methane can be made by the interaction of benzene 
and chloroform in the presence of anhydrous aluminium chloride. 

3C,He + CHCl, = CH(C«H5)3 + 3HCI 

For the preparation of aromatic ketones the process is similar, 
except that the chlorine compound taken is an acid chloride j in 
this way benzoyl chloride and benzene yield benzophenone, while 
acetyl chloride and benzene yield acetophenone. The aluminium 
chloride acts by forming an addition compound with the acid 
chloride^ the additio|i compound then reacts with the hydro- 
carbon to form the ketone, while the aluminium chloride is 
regenerated The action is so vigorous that generally a suitable 
solvent, carbon bisulphide, or a large excess of the hydro- 
carbon reagent, is taken in order to moderate it, 

QH, -h CHsCOCl == CflH3.CO.CH3 + HCI. 

Acdophmofie Preparation , — ^Weigh into a dry flask (J-litre) 
30 grams of powdered anhydrous aluminium chloride and add 
200 grams of benzene j fit the flask with a reflux condenser, 
and stand in a bath of cold water. Place 20 grams of acetyl 
chloride in a tap funnel, insert the latter loosely into the top of 
the condenser, and allow the acetyl chloride to drop slowly into 
the mixture in the flask, shaking the latter frequently in order to 
ensure a good intermixing of the liquids. Wh^ the addition of 
the acetyl chloride is complete, the flask should be immersed for 
an hour in a bath of water at 50°. When cold, the contents of 
the flask are poured into an equal bulk of cold water in a large 
flask, and after shaking well, the benzene layer is separated by 
means of a tap funnel ; the acetophenone is in solution in the 
benzene. The benzene solution is shaken with dilute caustic 
soda to remove free add, and is then dried over caldum chloride. 
Finally, the liquid (^er filtration, if necessary) is distilled on a 
water-bath in order to remove most of the benzene; the residue 
is distilled with an air condenser, and the fraction from i96®-202° 
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collected separately. This fraction, which consists of an almwt 
colourless oil, solidifies completely bn standing. Yield c, 15 
grams. 

Acetophenone consists of colourless crystalline plates, wliicb melt 
at 20^ and boil at 202^ ; it has a &int characteristic odour. It ^ 
insoluble in water. Like all ketones in which the carbonyh group is 
directly attached to the benzene ring, it gives no sodium bisulphite 
compound ; it reacts with hydroxylamine, however, in the usual way. 
By gentle oxidizing agents, alkaline permanganate, it is oxidized 
to benzoyl formic acid, CeH 5 .CO.COOH ; stronger oxidizers, 
chromic acid, pvt benzoic acid and carbon dioxide. ^ 

Acetophenoneoxime, CHs.C: NOH.CeHj. 

This is prepared in the usual way by the interaction of the 
ketone with hydroxylamine, the latter being obtained by mixing 
the hydrochloride with the theoretical quantity of potassium 
hydroxide. 

CHs.CO.CeH. + NHsOH = CHe.C:kOH.CeHe 4 H.O. 

Dissolve 6 grams of hydroxylamine hydrochloride In lo c.c* 
of water, add 9 grams of molten acetophenone, and then add a 
solution of 5 grams of caustic potash in 5 c.c. of water (care must 
be taken to avoid an excess of potash, else the potassium salt of 
the oxime, which is soluble in water, will be obtained). Add 
boiling alcohol, shaking continuously, till the mixture becomes 
dear; heat the solution on a water-bath for two or three hours, 
and then pour into 100 c.c. of water. The oxime separates out 
and is extracted with ether; after removal of the ether, the residue 
is recrystallized from a little petroleum ether. Yield 9 grams. 

Acetophenoneoxime forms colourless needles, which melt at 59^ 
It is extremely sduble in alcohol and ether ; it is also soluble in acid.*' 
and in alkalies, although only slightly soluble in water. 

Beckmann’s Bearrangement.— Under the influence of 
certain substances, the most important of whicB is phosphorus 
pentachloride, the oximes of aromatic ketones, even at com- 
paratively low temperatures, undergo a remarkable intramole- 
cular tearrangement. The rearrangement occurs in such a way 
that the -OH of the oxime group exchanges positions with one 
of the hydrocarbon radides. llie substance thus primarily 
obtained js, as a rule, not stable, but is the tautomeric form of a 
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stable amide or anilide into which it immediately changes by the 
movement of a hydrogen atom. For .example, acetophenone- 
oxime yields acetanilide. 


CH,.C.C.Hs 

NOH 


CH.C.OH 


CHjCO 


This “Beckmann” rearrangement, so named after its dis- 
coverer, is of extreme value in the case of stereoisomeric ketoxiihes. 
Certain aromatic ketones yield moie than one oxime, phenyl- 
tdlylketone yields two oximes whose constitutions seem to be 
identical. The isomerism is supposed to be due to the nitrogen 
atom, of which the third valency, when two are attached as a 
double bond ^ one other atom, does not project in the same 
plane as the other two bonds, but sticks out at an angle. In 
phenyltolylketoxime the third valency carrying the —OH group 
may project in the direction of the phenyl group, or in the direction 
of the tolyl group, and in this way the possibility of the existence 
of the two stereoisomers is explained \ the two formulae can be 
expressed— 


CeH5.C.CeH,.CH3 C3H3.C.C,H*.CH, 
II and II 

NOH HON 


If these two formulse are correct, we should expect that in the 
Beckmann rearrangement one oxime would allow the OH group 
to interchange positions more readily with the adjacent pheny. 
group, while the other would allow the OH to interchange with 
the tolyl group. This is completely in accord with the experi- 
mental results, for the one oxime yields benzoyl toluidide, while 
the*other yields toluyl anilide — ^ 

C,H3.C.C6H*.CH3 CaHfl.C.OH C,He.CO 

NOH NC6H4.CH, NHCeH4.CH, 

CaHfi.C.CaH4.CH, -> H0C,C<,H4.CH3 ’CO.C3H4.CHa 

HON - CsHaN CaH5.NH 


The Beckmann ^rearrangement is therefore of great value in 
investigating the constitution of such stereoisomeric ketoximes. 
Acetophenone yields only one oxime, in which, from theJ)ehaviour 
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in the Beckmann rearrangement, the 0 ^ of the oume group 
iqpt be adjacent to the phenyl group. « 

To perform such a rearrangement with acetophenoneoxime, 

4 grams are dissolved in 50 c.c. of dry edier (free from water and 
alcohol, see p, 147), and 6 grams of powdered phosphorus penta- 
chloride are slowly added in small quantities at a time. The 
ether is then distilled off, and the flask containing the residue ia 
cooled by immersion in cold water, while 30 c.c. of water are 
slowly added. The cold mixture is then Altered, and the solid* 
(acetanilide) is recrystallized^ from water. The melting point 
{112®) of the dried product should be taken, 

CH^C.NoACjH, = CH,.CO.NH.QH,. 

Preparation of Ethyl Benaene, by Fittlg’s 

Synthesis. 

The action of sodium on mixtures of the halogen compounds 
of the hydrocarbons provides a general method of synthesizing 
hydrocarbons; when applied to the aliphatic compounds the pro- 
cess ^is generally known as Wurtz* synthesis, while with aromatic 
compounds it is termed Fittig's synthesis. ^For the lower and 
more reactive compounds the action is best allowed to proceed 
in ethereal solution, while with halogen derivatives of higher 
hydrocarbons the sodium is allowed to act directly on the mix- 
ture of the liquids ; a little ethyl acetate is often added because 
it has a catalytic effect. 

To prepare ethyl benzene, a mixture of ethyl bromide and 

brombenzene is taken in ethereal solution. 

♦ 

C|HjBr -f" CjHjBr = C2Hg.CfHs + sNaBr. 

Take 200 c.c. of ether and shake with, half its vohim’e of 
water three times in a separating funnel to extract the alcohol 
Allow the moist ether to stand for at least two hours oyer calcium 
chloride, and then either filter through a fluted filter or distiW 
Place 100 c.c. of this alcohol-free ether in a dry J-litre flask, con- 
taining 27 grams of sodium^ cut into thin slices or pressed into- 
wirfe Fit the flask with a reflux condenser (double surface) 
stand it on a cork ring. Allow to stand an hour or so, 
and whien the evolution of hydrogen (dug , to the presence of 
trac^ of water) has ceased, add 60 grams of ethyl bromide and 
60 granw of brombenzene; if the liquid begins to boil, it should 
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be cooled by inunersitig the flask for a ^ort dme in cold water. 
It is then allowed to stand overnight. The liquid is then pourtd 
oflf from the blue jrowder which has formed, the powder is shaken 
with a little fresh ether, and after settling, the extract is poured 
off into die main quantity of liquid, and the ether distilled off 
from thq latter on a water-bath. The residue is distilled, using 
a fractionating column ; the fraction from 1 27® to 137® should be 
.redistilled, and the portion* whidi distils at a constant temperaUire 
collected. Yield 24 grams. 

Ethyl benzene is a colourless liquid which boils at 136®; 
its specific gravity is 05872 at 15®. 

Preparation of Oinnamio Acid, QHjCHiCH.COOH, by 
the Perkin Reaction. 

Aromatic aldehydes, on heating with the sodium salt of a fatty 
acid in the presence of the corresponding acid anhydride, 
condense with the sodium salt, giving as final product the 
sodium salt of an unsaturated add. This method of prepshring 
unsaturated acids is known as the Perkin reaction. It is probable 
that the aldehyde and sodium salt first form an addition com- 
pound, which, under the influence of the high temperature and 
of the dehydrating action of the acid anhydride, loses water, 
giving the salt of an unsaturated acid. Benzaldehyde and 
sodium acetate treated in this way give the sodium salt of 
cinnamic add 

CjH^CHO + CHs-COONa = [CsH,.CHOH,CH5.COONa = ] 
QH..CH:CH.COONa +AO. 

Weigh into a si^all flask 20 grai||of freshly distilled benzalde- 
hyde, 30 grams of acetic anhydrid^and 10 grams of anhydrous 
sodium acetate. Fit the flask* with a long air ccn^ser, and heat 
for eight hours in an oil- 1 )a^ at 180^-190®. Pour the reaction 
rjixture while still warm into a round-bottomed litre flask contain- 
ing 100 C.C, c^^arm water, rinse the walls of the small flask with 
a little water, and add the rinsings to the contents of the large 
flask. Add powdered sodium carbonate in small quantides^to 
the large flask till tBc contents are alkaline, and then 
distil off the residual benzaldehyde. Filter d)e liquid retpm^ 
in the flask to remove any tarry matter, and lurecipitatd^e 
dnnamic acid from the dear solution by the addition of lon^ 
centrated hydrochloric add. When the mixture is cold, filter 
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off the dnnamic acM and recrystallize from hot w$ter. Yield, 
17 to 20 grams. 


Cinnamic acid crystallizes in pearly plates j it melts at 133®, and, 
if quickly heated, boils at 300®. It is practically insoluble in cold 
water, but dissolves feadily in ether, alcohol, and hot water. As an 
aromatic acid containing an unsaturated sit^haih, it 4s easily 
oxidizable, eg., ft turns alkaline permanganate green almost immediately. 
Also in carbon bisulphide sdution, bromihe is added,<forming dibrom. 
cidnamic acid, CjHj.CHBr.CHBr.COOH, whilst in alksdine solution 
it is reduced by sodium amaT^m to hydrocinnamic acid dr /9-phenyl 
propionic acid, CeH5.CH1.CH2.COOH. 

* • .* « 


Benzoic Add, CeHa.COO^^ by use of a Gfignard 
Reagent . ^ 

When magnesium is warmai with organic halogen compounds 
(preferably the iodides or bromides) in the presence of ether, an 
organo-raapesium compound of the type R.Mg.Hal is obtained, 
wnere R represents an organic radicle, and Hal a halc^en atom. 
The ether which is used acts as a catalytic agent. The probable 
mechanism of the action is the primary formation of an oxonium 
R 

compound, 0 with which the magnesium can enter 

into reaction, since only in exceptional cases will n^nesium 
and organic halides react direct^ without the intervention of a 
third substance. The organo * magnesium halides (Grignard 
compounds) formed are extremely reactive substances which 
.have proved themselves of great value for synthetic work. If 
carbon dioxide be passed through their ethereal solution it is 
absorbed with formation of % compound, .which yields the corre* 
spending carboxy*acid de^tive on treatment with dilute 
mineral acid ; eg, phenyl magnesium bromide ^ves benzoic 
add, and we thus have a simple methi^bf passing from benzene 
to benzoic add. 


HC! 

QH, QHjBr -» QHjMgBr C.HjCOOMgBr C5H5COOH 

+ MgBrCl. 

Substances containing a double linkage are acted on in such 
a way that the double bond is changed to two single ones; eg. 
when a carbonyl group is acted on, the MgHal group attaches 
itself to the oxygen, while the hydrocarbon radide attaches itself 
to the carbon. In this way parafonnaldehyde yields primary, 
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ether aldehydes yield secondary, and ketones yield tertiary 
alcq)iols. 

HCl 

HjCO + CjHjMgl -> H,C<° C,H,OH +,MgICl. 
C,H,CHO + C.H.MgI HCl 

■ ^ ' -♦-C,H.CHOMgI^(C,H,)jCHpH + Mgia 

CHjCOCH, + C,H^gBr HCl 

‘ :• -9. CH,COMgBtCH, ^ CH,COH.CH, + MgBiCl. 

1C,H, 

If^the carbonyl group be ^tt of a carboxy ester group, eg 
— COOCsH* not only does the above action take place at the 
carbonyl groaip, but the OCaH# group is removed and replaced 
by a hydrocarbon radicle; in this way formic esters yield 
secondary, and other esters tertfary, alcohols. 

QH, 


IICOCaH* + aQHsMgBr ^ MgBr(OCaH,) + HC - QH, 

qi “ HCl OMgBr 

^ 2MgBfCl + QH,OH + (QH,),CHOH. 

QH. 

I 

CH,COC,H, + jC,HjMgI -9 MgI(Oq,H,) + CH.CQH, 

1 I 

O HCl OMgl 

aMgICl + QH,OH + (QH,)aGH,COH. 

As will be seen from^the above statemenis, with phenyl 
magnesium bromide, &bon dioxide yields benzoic acid 
QH6.COOH, For the successful performance of such a pre- 
paration, dean magnesium is allowed to act on the correct 
quantity of brombenzene dissolved in dry ether ‘ {free from 


* The ether should bf prepared as follows : Wash 500 c.c, of ordinary 
ether, first with 100 c.c. of dilute sulphuric add, and thda with lOO c.c. of 
dilute sodium hydroxide. Add 30 grams of fused caldum chloride and keep 
for several hours, shaking at frequent intervals. Decant, shake up with 30 
grams of phosphoric oxide ; again decant $ finally distil pom another 30 grams 
of phosphoric oxide. 
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water and alc;ohol)| luid tbe so^ulion of the oigano-magnesium 
compound is then ^owed to react with dry carbon 'dioxide; 
since the organo-magnesium compounds are decomposed by 
water, great care should be taken ^rbughout the -experiment to 
exclude moisture as completely as possible. It is convenient to 
take one-tenth of the quantities expressed in the equations— 

’ QH,Br + Mg«C6H,MgBr. 

C5Hg.MgBr + CO, = C6Hc.CO.OMgBr. 

Clean several lengths of magnesium ribbon by drawing them 
through emery-paper, and then through a clean duster or through 
fclded filter-paper. Cut the magnesium into lengths of about 2 
|l^timetres. Weigh out into a dry 250 c.c. flask r6 grams of 
j^hiy distilled dry brombenzene, add 30 grams of dry ether, 
intrbdiKe 2*4 grams of the cleaned magnesium« and fit the flask 
with a refex condenser (double surface). On warming for a 
short time on the water-bath, reaction soon sets in, when the flask 
should be removed from the bath and allowed to stand on a 
cork ring r, (a dry duster will also serve the purpose) until the 
action almost ceases ; the reaction is then completed by boiling on 
the water-bath for twenty minutes, when the magnesium will have 
passed almost completely into solution. (If the action is slow in 
starting, the addition of a minute crystal of iodine will often 
expedite it.) Cool the flask in a dish of ice and bubble through 
the liquid a steady current pi carbon dioxide which has been 
purified by previous and consecutive passage through a solution 
of sodium bicarbonate and concentrated sulphuric acid ; introduce 
more dried ether into the flask, if necessary, to maintain the bulk 
fairly constant. The contents of the flask gradually form two 
layers. When ^0 further reaction is observable, and while the 
flask is still in the cooling bath, foe mixture is carefully treated 
with a few lumps of clean ice, or with 25 c.c. of cold water ; 
a mixture of equal volumes of concentrated hydrochloric acid 
and water is then added, till, on shaking, the precipitate of 
magnesium hydroxide is dissolved, and the aqueous layer be- 
comes dear. Extract with ordinary ether, qnd dry the ethereal 
extract over a little anhydrous calcium chloride ; evaporate off 
the ether on a water-bath, dissolve the residue of crude benzoic 
*acid in the minimum quantity of dilute sodium hydroxide solution, 
and reprecipitate by the addition of dilute hydrochloric acid. 
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Collect the benzoic acid hf filtration finally purify by 
recrystallization from hot water. Yield of .crude acid about 
10 grams. • 

The benzoic acid so obtained should be identified by the tests 
.given on pp. ii6, 117. Also, its identity with the product obtained 
by the action of potassium hydroxide on benzaldehyde (p. 115) should 
be confirmed by the method of “ mixed melting points ” (p. 3). 


Methyf Orange, SOiONa.C,H.N2.CjH,.N(CH,), 

The •preparation of this substance depends merely on th^ 
coupling of a diazo compound with a tertiary amine. The substan^ 
to be diazotized, sulphanilic acid, is dissolved in the theoretic 
quantity of sedium carbonate, the theoretical quantity ®f sp^K 
nitrite is then added, and the nitrous acid for the diazotizatioi^^ 
slowly liberated by the cautious addition of the co^t quantity 
of hydrochloric acid. A solution of dimethyla&ne hydro- 
chloride is then added to the diazo solution, when the coupling 
ensues. ^ 

SOaONa.CgH*NHa-hHNOa+Ha= SOaONa-CgH^N^Cl + HaO. 
SOaONa.C«H4NaCl-|-CgH,N(CH3)a 

=:SOaONa.CeH 4 Na.CsH*N(CH,)a + HCl. 

Dissolve 12 grams of sulphanilic acid (containing 2 molecules 
of water of crystallization) in ioo,r^. of water containing 3 grams 
of anhydrous sodium carbonate, hnd add a solution of 4 grams of 
pure sodium nitrite in 20 c.c. of water. Cool the mixed solutions 
in ice, and very gradually add a cold mixture of 7 c.c. of con- 
centrated hydrochloric acid and 10 c.c. of water. Dissolve 7 
grams of dimetliylaniline in a mixture of 7 c.c. of concentrated 
hydrochloric acid and 20 c.c. qf water, and pour Jhis cold solution 
slowly into the diazo solution. 

Make- the mixture slightly alkaline with caustic soda solution, 
when the methyl orange will begin to separate out. Add 20 
grams of finely powdered common salt, and dissolve by taking, 
in order to salt out tlje methyl orange more completely. When 
the precipitation is complete, the solid is filtered ot, pressed 
on a porous tile, ^d recrystallized from hot water. Yjdd 
c 16 grams. » 

Methyl orange is the sodium salt of a complex salphonic acid, 
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helianthine; and the colour of its^ ion is yellow; the undoolzed 
free acid is red when ii| solution, and the use of the substance as 
an indicator depends on this colour change* 

Bednction of Methyl Orange. — ^The constitution of most 
azo compounds, of which obviously methyl orange is; one, is 
usually most easily proved by means of reduction with a solution 
of stannous chloride in hydrochloric acid. The azo molecule 
then undergoes disruption at the double bond of the azo group, 
and two simpler amino compounds are formed ; one of these is 
the substance which was originally diazotized, but other 
product contains an —NH9 group more than the other original 
reagent; for example, methyl orange yields sulphanilic acid and 
p-aminodimethylaniline. , 

S0.0H.C.H4N:NC,H..N(CHj)i ^ 4H 

= SO,OH,C,H,.NH, + H,N.C,H..N(CH,)r 

•v. 

Dissolve* 3 grams of methyl orange in as little hot water as 
possible, add a solution of is grams of stannous chloride in 30 
grams of concentrated hydrochloric acid, and heat till the mixture 
loses its colour. Pour the colourless mixture into a strong beaker, 
cool well, and rub the walls with a glass rod; sulphanilic acid 
separates, and should be filtered off through a little asbestos. 
Add 30 C.C. of water to the filtrate, and then caustic soda solution, 
till the precipitate of stannic hydroxide, which first forms, has 
completely redissolved. Extmct three times with a little ether, 
dry the ethereal extract over caustic potash, and decant into a 
small distilling flask ; evaporate off the ether on a water-bath, 
when p-aminodimethylaniline remains as an oil. On cooling and 
stirring, it will solidify. When pure it is a white crystalline solid, 
which melts at and boils at 257°* 

Beactions of p-aminodimethylaniline.— f. On oxidation by 
a mixture of potassium bichroma^ and sulphuric acid^ quinone is 
formed, as is the case with most jHhsubstituted bodies. The quinone 
is easily detected by its odour. 

2. Dissolve a little of the substance in the least possible quantity 
of dilute sulphuric acid. Add a few drops of this solution to, approid- 
mately, 100 c.c. of a dilute solution of sulphuretted hydrogen^ to which 
has been added 2 cc. of concentrated hydrochtpric acid. On adding 
to this mixture^a few drops of a dilute solution of ferric chloride^ an 
intense blue colour is obtained (methylene blue). This can be used as 
a delicate test for sulphurctt^ hydrogen. The mechanism of the 
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action is that the p-aminodinaethylaniline first loses the elements of 
ammonia from two molecules, giving rise to a derivative of diphenyl- 
amine ; the ferric chloride then oxidizes the mixture of this new sub- 
stance with hydrochloric acid and sulphuretted hydrogen to methylene 
blue. 

(eH 5 )aNC,H,NH, + HjNC.H.NCCH,), 

= (CH,)aNCeH4.NH.QH4N(CH,), + NH3. 

NCeH^.NCCHjX 

This reaction is characteristic of the para- diamines. 


H3S + HCI-I-3O 


C H • 

= N >S + 3HaO 
^C,H, . 


»:N(CH 0 A 


Malachite Green, (CH8>,NQH4.C.QH3:C,H4:N(CH3)3a. 

Malachite green is one of the numerous dyes derived from 
the hydrocarbon triphenylmetl^nd. Many of these dyes are 
easily synthesized by the condensation of aromatic aldehydes or 
ketones with aromatic amines. For example, if tetramethyl 
diaminobenzophenone (Michler’s ketone) be heated with dime* 
thylaniline in the presence of phosphorus oxychloride, hexamethyl 
triaminotriphenylcarbinol is obtained. On reacting with 
hydrochloric acid this yields “ crystal violet,” or hexamethyl 
pararosaniline. 

rrniNPW (CH 3 ) 2 NQH 4 ,^ 

rw Mr H >CO + HCeH4N(CH8)2 = (CH3)2NC8H4~^COH. 

(CHdaNLjH* {CHjaNC.H4^ 

(CH 8 ) 2 NC 8 HX 

(CH,) 2 NC«HAC 0 H + HCl 

(CH 8 ) 2 NQIl 4 / 


In a somewhat similar manner, if benzaldehy^,e be heated with 
dimethylaniiine in the presence of anhydrous zinc chloride, tetra- 
methyl diaminotriphenylmethane or the leuco base of malachite 
green is obtmned. This, on oxidation of its hydrochloride, yields 
malachite green. 


C,H.CHO + jC.H,1H1[CH,),= + 


C,H. 


= {CH.),NC:H:>CiC.H,N(CH,),Cl + H.O. 
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Fuse about 30 grams of aqhydrous zinc chloride in a porcelain 
dish, and pour the fused mass on to a stone slab to solidify. 
Weigh 10 grams of the powdered chloride into a clean porcelain 
dish, and add 25 grams of dimethylaniline and 10 grams of 
benzaldehyde, both freshly distilled. Heat on a water-bath for 
four hours, with frequent stirring. Add warm water to the hot 
product, stir together, and pour into a flask (|-litre). flistil off 
any residual dimethylaniline by steam. Allow the contents of the 
flask to cool, decant the water, and washjthe residue in the flask 
several times with water, decanting each time. ,Then add alcohol 
to the residue, and warm on a water-bath till dissolved j filter 
the hot solution, and allow to stand overnight in a cold place. 
Filter off the colourless crystals, and dry in the air between 
several sheets of filter-paper.^ A further crop may be obtabed 
by evaporating the mother liquor, to a smaller bulk. 

Leuco malachite green crystallizes from* alcohol in small 
^plates, which melt at 93''-94'’, and from benzene in needles which 
melt at loa®. , 

Oxidation of the Lenoo For the oxidation, freshly 

wecipitated lead peroxide Is used. Take 12 grams of lead acetate 
dissolved in 60 c.c. of water in a porcelain dish, add excess of a 
filtered bleacbing-powder solution (about 25 grams in 400 c.c. of 
water), and keep mixture just below its boiling point till the 
precipitate, which was originally yellow, becomes deep brown. 
Decant the mother liquor from the precipitate, and wash the latter 
by decantation several times with wkter. 

Take 8 grams of the leuco base, dissolve by warming in a mixture 
of 10 C.C, of concentrated hydrochloric acid and 20 c.c. of water, 
and mix with 500 c.c. of water in a large flask (i litre). Add 10 
cc. of water containing 4 c.c. of glacial acetic acid, and introduce 
several pieces of^ce to cool the mixture. Mix the lead peroxide, 
prepared as above, with water to obtain a thin paste, and pour this 
slowly into the contents of the large flask, extending the addition 
over five minutes. Allow the mixture to stand five minutes more, with 
frequent shaking, then add a solution of 10 grams of sodium 
sulphate in 50 c.c. of water, and filter through a fluted filter-paper 
to remove the lead sulphate and chloride. Add to the filtrate a 
solution of 3 grams of zinc chloride in as little water as possible, 
then add 300 c.c. of saturated salt solution to aid the separation 

I If (he salmaace separates as an oil. It must be redissolred in more hot 
and altcrwed to separate once mote* 
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of the dye. The complete separation of the dye is indicated by 
a drop of the liquid, when placed on filter-paper, giving practically 
no stain where it spreads itself round the little patch of solid in the 
centre. Filter oflF the dye on the pump, wash with a little salt 
solution, and dry on a porous tile. To further purify it, it may be 
dissolved in hot water and again salted out. The product is a 
double salt with zinc chloride, (CjjH25NaCl)8.2ZnCl8,2HaO. It is 
used largely as a dye. 

Quinoline, CVH7N, by the Skranp Reaction. 

The Sktaup reaction is of value for the preparation of quino- 
line and its derivatives ; it depends on the condensation of aniline 
and glycerol in the presence of sulphuric acid, when quinoline is 
formed j by replacing aniline by its homologues, homologous 
quinolines are obtained. For the preparation of quinoline, a 
mixture of aniline glycerol, nitrobenzene, and sulphuric acid is * 
allowed to react. The mechanism of the action is probably that 
the glycerol is first dehydrated to acrolein, which condenses 
with the aniline, forming a body with a tertiary amine group in 
the side chain; the end of this side chain then attaches itself# 
to the benzene nucleus under the oxidizing influence of the 
nitrobenzene. 


CH, 



Weigh into a large round flask (2 litre) 24 grams of nitroben- 
zene, 36 grams of aniline, 100 grams of glycerol, and 100 grams 
of concentrated sulphuric acid. Fit the flask witft as wide a con- 
denser as possible (because of the vigour of the action), and warm 
the flask very carefully on a sand-bath. As soon as the action - 
commences (indicated by white fumes forming above the liquid) 
the hot sand-batt should be removed and the flask supported on a 
duster. When the first vigorous action has subsided, replace the 
sand-bath and boil the mixture for three hours. Add 200 c.c. of 
water to the dark-coloured product, and steam distil to remove the 
residual nitrobenzene.'^ Make the contents of the flask alkaline by 
the addition of solid caustic soda, and again distil with steam. 
The distillate contains the quinoline mixed with some aniline. 
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To remove the aniline, acidify with sulphuric acid, and add sodium 
nitrite solution till a drop of the liquid, withdrawn on the end of a 
glass rod and diluted with^water in a watch glass, stains starch 
iodide paper blue. The aniline is thus converted into benzene 
diazonium sulphate. The liquid is then boiled, when the diazonium 
salt is decomposed, forming phenol Make the liquid ^alkaline 
once more with caustic soda, and again distil with steam. Pure 
quinoline then passes over, and is extracted from the distillate 
with ether. The extract is dried over solid caustic potash, and, 
after decanting the liquid, the ether is evaporated off. The 
residue is distilled, and the quinoline comes ov«r between 
234® and 239®. Yield f. 40 grams. 

Quinoline is a colourless, highly refractive liquid. It boils at 
209®, and at 15° has a specific gravity 1-098. (For tests, see 
p. 200.) 
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QUANTITATIVE DETERMINATION OF THE ELEMENTS 

Carbon and Hydrogen. 

The elements carbon and hydrogen are always estimated 
simultaneously. A little of the substance (usually contained in a 
platinum or porcelain boat) is placed in a long tube of hard glass 
filled with copper oxide^ and a current of air or oxygen is passed 
through the tube ; on heating (in a special “ combustion furnace ”), , 
the substance is oxidized, partly by free oxygen and partly by the 
copper oxide, to water and carbon dioxide. The water is collected 
in a U-tube containing pumice soaked with concentrated sulphuric 
acid, whilst the carbon dioxide is absorbed m a suitable piece 
of apparatus containing potassium hydroxide solution (sodium 
hydroxide is not used, because on absorbing carbon dioxide it 
readily gives a predpitate of sodium carbonate which would choke 
the apparatus). U«tubes of soda-lime are also sometimes used 
for the absorption of the carbon dioxide, but this substance is 
hardly as satisfactory as caustic potash solution. 

The air and oxygen are stored in separate gas holders so that 
the gases are under a slight pressure. Each holder is connected 
to two large U-tubes (see Fig. 20), one filled with beads wetted 
with strong caustic potash solution, and the other with beads wetted 
with strong sulphuric acid ; each tube is fitted b^a bung into the 
neck of a bottle (A and A') containing a store of the correspond- 
ing liquid. Before an experiment, the glass plug (B and B') should 
be withdrawn from the neck of each bottle, and air should be 
forced into the space above the liquid so as to drive the latter 
up on to the beads j the liquid is then allowed to fall back again, 
and the {Jug is replaced In this way the beads are wetted with 
fresh liquid each time. Both the sulphuric acid tubes are connected 
to a T-tube attached to a small bulb containing a little strong 
sulphuric .add, which serves to show the rate at which either gas is 
passing. 
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The U-tube for the 
absorption of the water 
formed in the combustion 
is usually of the shape 
shown in Fig. 21. To fit 
it up, small fragipents of 
pumice are heated in a 
dish with a little concen- 
trated sulphuric add till 
they become saturated ; 
when cold, tho pumice is 
introduced into the tube, 
and the top of each vertical 
limb should be sealed ofi* 
carefully in a blow-pipe 
flame (the tube should not 
be closed by bungs). The 
tube is then fitted with a 
small wire loop (platinum) 
so that it may be easily 
suspended for weighing. 
The small bulb serves to 
collect a great deal of the 
water by mere condensar 
tion, any moisture not con- 
densed in the bulb being 
absorbed by the sulphuric 
acid on the pumice; in 
this way, unnecessary dilu- 
tion of the acid is avoided 
If the tube has been used 
previously, the water should 
be shaken from the small 
bulb,* a pi^e of rubber 
tubing attached, and fresh 
sulphunc add drawn into 
the tube, the excess being 
afterwards allowed to drain 
out dgain; the sulphuric 
acid should be removed 
from the interior of the 
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narrow side tube by means of a narrow roll of filter-paper. The 
acid, when the tube has been allowed to stand a short time, must 
not nearly fill the bore of the tube at the bend, A tube prepared 
in this way, if the condensed water is ejected from the bulb after 
the completion of each combustion, can be used for several 
experiments without requiring fresh acid. When not in use, 
the u-tube should be kept closed by small pieces of rubber 
tubing plugged with glass rod. 

There are two common forms of carbon dioxide absorption 
apparatus, the Geissler potash bulbs (Fig. 22), anddhe Arnold 
potash bulb. (Fig. 23). Geissler’s apparatus is so arranged that the 
gas bubbfesj laden with carbon dioxide, pass successively through 
three small bulbs containing caustic potash, and then through a 
small straight tube, half filled with soda-lime, and half with porous 


Fig. 2t, 




Fig. 22. 



Fig. 23. 


anhydrous calcium chloride. The last substance absorbs any 
moisture that may be taken up by the gas from the potash solution, 
or that may be liberated by the action of carbon dioxide on the soda- 
lime. To fill the bulbs the calcium chloride^ tube is removed and 
as much strong caustic potash solution (i gram of potash to 2 of 
water) is drawn in through the side tube (the ipft-hand one in 
figure) as will, approximately, half fill the small bulbs without any 
potash remaining in the larger bulbs. The potash soluticm is 
then carefully wiped from the side tube, and the calcium chloride 
tube is attached*once more. For the Arnold apparatus, a caustic 
potash solution of dmilar strength should be introduced, so that 
when the bulbs' are empty the level of the solution is just above 
the higher bulb; a ^‘ort calcium dbloride tube should again 
be atU^ed <0 absofb any moisture taken up from the bulb. To 
both pieces of apparatus a platinum loop should be attached in 
order to facilitate suspenaon; the potash apparatus and caldura 
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chloride tube ^ould always be weighed together. As with the 
sulphuric acid tube, the apparatus should be kept closed by 
plugged pieces of rubber tubing when out of use. 

To prepare the combustion tube, take hard glass tubing, about 
I cm. internal diameter, and cut a piece about i dm. longer 
than the furnace; round off the sharp edges by heating in a blow- 
pipe flame. The tube is then loosely stopped, at abouf 5 cms. 
from one end, by a plug of asbestos or an oxidized coil of copper 
gauze (5 cms. long). Granular copper oxide (which has been 
previously heated to a dull red heat on a copper tray to remove 
moisture and organic matter, and when cold has been preserved in 
a stoppered bottle) is then introduced by means of a copper funnel 
till it fills the tube to within 25 to 30 cms. of the other end. 

Another short oxidized copper spiral, ora small loose asbestos 
plug, is introduced to keep the layer of copper oxide in position ; 
fin^y, a long oxidized spiral of copper gauze (10 to 12 cms.) is 
introduced so that it is 5 cms. from the open end of the tube. 
The tube is then placed in the combustion furnace so that it 
projects equally at each end, with the long copper oxide spiral 
towards the air and oxygen holders ; this end of the tube (which 
for convenience may be called the back) is attached to the small 
“ bubbling ” tube by means of a piece of rubber tubing, a short 
piece of glass tubing, and a one-holed bung. A slow current of air 
is then passed through the tube, while the latter is raised through- 
out its length to a dull red heat; any moisture that condenses at 
the open end should be removed by a roll of filter-paper. After 
about half an hour, the tube is fitted at the open end with a bung 
carrying a calcium chloride tube, the burners under the tube from 
the back to the centre are turned off, and the dies are opened 
above the same length of tube While the hmder part of tbe 
tube is cooling, about 0*15 to o's gram of the substance is 
weighed accurately in a small recently heated porcelain or 
platinum boat, and the boat placed m a desiccator. The 
sulphuric acid U-tube and tbe potash apparatus with its attendant 
calcium chloride tube are then weighed ^ (the rubber-tubii^ caps 
being removed for the purpose), and carried to the combustion 
tube. 

The calcium chloride tube is removed from the combustion 
tube, and the suli^uric, acid u-tube is fitted directly iiAo the 

< The ahGorpdon apparatus diould always be allows to stand in the 
balance room for twenty ndnntes before we^hir^. 
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tube by means of a suitable bung, the bulb being next to the 
tube; the potash bulbs are then attached to the sulphuric acid 
U-tube by a short piece of stout walled rubber tubing,* pare 
being taken that the apparatus is attached the right way round 
Finally, a guard tube of soda-lime is attached to prevent any 
absorption of moisture'or carbon dioxide from the air. It will be 
found very convenient to suspend all these tubes and bulbs from 
a long glass rod clamped in a horizontal position. When all the 
tubes are in place, the rubber joints are made tight by binding 
with wire. The hinder part of the tube is then opened, the long 
copper oxide spiral is withdrawn by a long copper wire, with a hook 
at the end, and placed on a clean clock glass ; the boat contaming 
the substance is then pushed into the tube till it can go no further, 
care being taken not to upset it ; the long copper oxide spiral is 
then replaced, and the tube is rebunged. A screw clip is placed 
on the rubber tubing between the small bulb of acid and the 
combustion tube. While the slow current of air is still passing 
at such \ rate that two bubbles pass through the potash bulbs 
every second, the burners are very gradually turned on one by 
one, working from the front of the tube towards the bdat When 
the flames get within i dm. of the boat, a small flame is lit 
under the spiral, as far behind the boat as possible, and gradually 
turned up. In this way the tube, excepting for about 2 dm. 
where the boat lies, is raised to a dull red heat (care must 
be taken not to overheat). Small flames are then started nearer 
the boat, when, the combustion of the substance soon com- 
mences ; this is indicated by an increased rate of bubbling through 
the potash absorption apparatus, which should be moderated 
by cutting off the air supply to some extent by the screw clip ; 
the stage of the combustion is also indicated, with Geisslefs 
bulbs, by the relative rates of bubbling in the first and last 
bulb. When the rate of bubbling decreases, the heating is 
increased slowly, with cautious regulating, till the tube near the 
boat gets hotter and hotter, and the boat itself is finally directly 
heated by a flame.^ Any moisture that condenses in the end of 
the tube near the sulphuric acid U-tube should be driven over 

* Wherever two glass tubes are joined by a sliort piece of robber tubing, 
they should be lir actual contact unde: the surface of the rubber, , 

^ Great care must be taken that the moisture docs not work backwards in the 
tube to bchind the long copper spiral and into the rubber tube, because this 
would be fatal to the experiment. 
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into the latter by gently warming with a hot tile, or a small sjnrit 
lamp flame, the combustion, as judged by the rate of 

bubbling, seems to be complete, the tiles over the boat are closed, 
and the whole tube is kept at a dull red heat, while a current of 
oxygen is slowly passed through Until a glowing splint can be 
ignited at the exit of the soda-lime guard tube. The flames are 
then slowly turned down, and a current of air is passed through 
the tube for half an hour to sweep the oxygen from the abscu’ption 
bulbs and U-tubes. When the tube is cold, the absorption bulbs 
and tubes are disconnected, closed with rubber caps, and allowed 
to stand in the weighing room for half an hour; the caps are then 
removed, and die bulbs and tubes weighed. The increase in the 
weight of the sulphuric acid tube gives the weight of water from 
the complete oxidation of the hydrogen in the substance, while 
that of the potash bulbs gives the weight of carbon dioxide from 
' the carbon in the substance. A simple calculation gives the 
percentage of carbon and hydrogen.' 

It is very necessary in such combustions not to be hasty ; 
the process ^ould take at least two hours. Great care should 
be taken fo avoid heating too rapidly, or too strongly ; a tube, 
with proper care, can be used repeatedly for many combustions. 


Specimen Calculation — 

o’iSoo gram of succinic acid taken. 

W^gbt of water formed o’oS4i gram. 
„ „ carbon dioxide 0-2672 „ 


0*0841 

Weight of hydrogen in 0*0841 gram of water =s — gram. 

, _ j 0*0841 X 100 

percentage of hydrogen = ^ = 5-19. 


Weight of (yrbon in 0*2672 gram) _ 0* 2672 x 12 


of carbon dioxide 


44 


gram. 


percentage of carbon = ^ 40*5 per cent 

^ ® 44X o*i8co ^ 

■ .% • 

(CHaCOOH)^ requi^s %drogeD 5*08 per cent., carbon 40*7 
percait 

* In the case of salts of the alkali metals it mnst be remembered that the boat 
win contain the carbemate as residue j this should be weighed, and its carbon 
must be taken into consideration in the calculation. *The necessity for such a 
'correction is commonly avoided, however, by mixing the substance under 
mmination with lead chromate before the combustion ; during the combustion 
the lead chromate ejects the conversion of the alkali metal into its chromate, 
flte carbon dioxide l^ug liberated. 
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The results are, as a rule, a little too high for the hydrogen, 
probably on account of traces of moisture from the gases and 
from the tube; the carbon results are usually a little below the 
theoretical, probably due to a trace of the carbon dioxide escaping 
absorption and to the evaporation of a small quantity of water 
from the solution in the bulbs. 

For fee combustion of liquids the only modification necessary ' 
is that the substance is weighed in a small bulb with a capillary 
neck, the porcelain boat being used for holding the bulb ; the 
boat containing the bulb is slipped into the combustion tube, and 
the subsequent procedure is the same as usual. 

Thera is no good method for the direct determination of 
oxygen; this element can only be estimated by difference. 

Special Precautions necessary for Substances contain- 
ing Nitrogen, Halogen, or Sulphur. 

The presence of nitrogen in an organic substance, especiallj 
if present as a nitro group, often introduces enor into the resul. 
of a combustion; there is a tendency for the nitrogen to form 
nitrogen peroxide, and this is dissolved by the potash, causing the 
carbon to be too high. To avoid this error a little of the copper 
oxide at the front of the combustion tube is replaced by a long 
spiral of reduced copper gauze (lo to 15 cms.),^ so that there still 
remains the clear space of 5 cms. at the extreme end. The coil 
of reduced copper is then kept cool during the ex^riment till the 
actual combustion of the substance is about to begin ; it is then 
raised to a dull red heat, and any nitrogen peroxide passing over 
it is reduced to nitrogen, which passes through the bulbs un- 
absorbed. In other respects the process is the same as that 
previously desaibed. 

The presence of halogens and sulphur causes trrors which are 
more difficult to obviate. The halogens may pass as free gas into 
the potash bulbs, and also would form the volatile copper halide, 

> The spiral offcopper gaoze should before the experiment by 

heating it in a blowpipe flame and dropping n wSlle hot mto about 0*5 c.c. of 
methyl alcohol in a glass trbe. The alcohol bums, and as soon as the flame 
languishes the tube should be loosely plugged. When cold, the reduced spiral 
is withdrawn, and heated in a clean glass tube in a cunent of carbon dioxide to - 
remove traces of alcohol^a current of dry mr afterwards being drawn through 
when the tube is only just-warm, to remove the carbon dioxide. It is then kept’ 
ip a desiccator till required. 
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which may pass into the sulphuric acid tube ; sulphur gives rise 
to sulphur dioxide, which is absorbed by the caustic potash 
apparatus. To avoid the errors due to chlorine, a coil of thin 
silver sheet is sometimes placed at the front of the tube, in place 
of the reduced copper spiral, to decompose any copper halide 
and absorb any free chlorine. Another method which can be 
applied to either halogen or sulphur compounds is to replace the 
copper oxide by granulated fused lead chromate. For further 
particulars a larger text-book must be consulted. 

Nitrogen. 

Nitrogen can be estimated by several methods, of which the 
best are the Kjeldahl method, in which the nitrogen is con- 
verted into ammonia, and the “ absolute ” method in which the 
nitrogen is obtained and measured in the free state. The former 
method is quicker, but is not applicable to all substances j while 
the latter is universally applicable to carbon compounds contain- 
ing nitrogen. The latter method is applied in two different ways. 


Absolute Methods for the Estimation of Nitrogen. 

I. Dumas Method,— Take a hard glass tube i dm. longer 
than the Combustion furnace, and at 5 cms. from one end fix a 
loose plug asbestos. Tilt the tube slightly, and introduce 
coarse copper pxide (recently heated on a copper tray and allowed 
to cool) to form a column i dm. long. Weigh into a small 
porcelain dish from a small weighing tube, about o’a gram of the 
nitrogenous substance; mix this, using a steel spatula, with 
powdered copper oxide (also recently heated), and introduce the 
mixture, by means of a copper funnel, into the tube ; rinse out 
the dish into the tube with a little more fine copper oxide, so that 
the layer of fine oxide is 1*5 to 2 dms, long. Then rinse out the 
dish into the tube repeatedly with coarse copper oxide, till the 
layer reaves to within approximately 20 cms. of the end. The* 
introduce reduced copper spiral (dried by placing on a clean 
clock glass in a steam oven for a few minut^), and place the 
tube in the furnace. 

The additional apparatus required is a source of dry carbon 
dioxide ^d a suitable vessel for collecting t^e nitrogen. 

The mjQjSt'convenient carbon dioxide apparatus is that illustrated 
in the diagram (t'ig. 24). The WoulfiTs bottle contains a mixture of 
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equal volumes of concentrated sulphuric acid and water (the mixture 
should be made in a flask and introduced when cold). Concen- 
trated potassium carbonate solution (80 grams to 100 c.c. of water) 
is introduced into the bulb of the dropping funnel F,* and, on 
turning the tap, flows through the small hole A in the trap into the 
acid. Once the stem of the funnel and the mercury trap are filled 



with the solutionfthe flow of the potassium carbonate is regulated 
as desired. The safety tube S on the right serves as a valve 
should the evolution of gas become too violent. The air is 
completely expelled /rom the apparatus by running about 100 c.c. 
of the carbonate solution into the acid. The gas then obtained 

* It is advisable to boil the solutions before use, 
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contains less tVian 0*1 c.c, of air in 5 litres, and only needs to be 
passed through one wash-bottle of sulphuric acid to remove its 
moisture. It is convenient to have the Woulff's bottle as large 
as ‘possible (2 to 3 litres), and charged with 8co to 1 200 c.c. of 
the diluted acid \ it then requires refilling only at long intervals. 

The most suitable collecting vessel for the nitrogen is Schiff’s 
azotometer (Fig. 25). A little mercury is introduced So that 
it rises to about 5 mm. above the lower side tube ; caustic potash 
solution (80 grams in 240 c.c. of water) is poured into the bulb 
and allowed to fill the graduated tube by turning on the tap 
for a short time. The mercury in the lower portion of the tube 
should just be sufficient to prevent the alkali from passing into 
the lower side tube. 

The lower side tube of the azotometer is then attached by a 
short piece of stout-walled rubber tubing, to a suitably bent glass 
tube fitted into a bung at the end of the combustion tube 
containing the spird»(tbe two glass tubes should meet under the 
rubber tube) ; the joints are then made fast with wire. The 
other end of the combustion tube is fitted to the carbon dioxide 
apparatus, a sulphuric acid wash-bottle intervening between the 
two. A rapid current of carbon dioxide is passed through the 
tube till all the air is swept out During this process it is 
advisable to open the tap of the azotometer and lower the 
reservoir, so that the potash falls from the tube; after fifteen 
minutes the air should have been almost completely removed. 
Raise the potash reservoir at intetvals (every five minutes), and 
when the gas issuing from the tube is completely absorbed by the 
potash, only a fine foam of inappreciable bulk being left, completely 
fill the azotometer tube with potash, close the tap, and again lower 
the reservoir as far as possible. When this is done, great care 
must be taken ^t there is sufficient mercury in the trap of the 
carbon dioxide generator to prevent air being drawn through it 
into the apparatus. The current of carbon dioxide is almost 
completely stopped, and the heating of the tube is commenced, 
beginning at the end containing the spiral. When &e front half of 
the tube is at a dull red heat, the flames are sfowly approached 
to the neighbourhood of the substance, the same precautions being 
taken to heat the substance carefully as in the ordinary com- 
bustion previously described. The rate of the combustion should 
never be allowed to become so rapid that the bubbles pass into the 
azotometer at the rate of more than two nr three to the second. 
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When the whole tube is at a dull red heat, the current of carbon 
dioxide is again hastened somewhat, and the gas passed until 



the bubbles are once more completely absorbed, and the level of 
the liquid in the azotometer is constant. The burners may be 
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extinguished just before this point. Disconnect the azotometer 
b/ removing the bung from the combustion tube, and transfer 
^ the gas carefully, by means of the arrangement shown 

I in Fig. 26, into a measuring tube over water (the 

- funnel arrangement is readily made by breaking the 

I bottom from a bottle). Allow the tube to stand com- 

I pletely immersed in a cylinder of water for half an 

I hour^ raise the tube by a pair of crucible tongs, so 

r-I] that the water-level is the same inside and out, and 

GjiU read the volume of the gas ; at the same time read the 

temperature of the water and the barometic. pressure. 

' p Correct the volume of gas to N.T.P, (remembering 

1’ , to allow for the vapour pressure of the water), and 

I from the fact that the molecular weight in grams 

I J ^ ^occupies 22*4 1 . at N.T.P., calculate the weight of the 
’ ' gas and hence the percentage of nitrogen in the 
Fig. 26. compound. 


Specimen calculation^ 

0*1650 gram dinitrobenzene gave 2370 c.c. nitrogen at 763 mm. 
and 16®. 


Vapour pressure of water at 16® = 13*5 mm. 

.% actual pressure on gas = 763 — 13*5 = 749*5 mm. 

Volume of gas at N.T.P. = ^ . 3 7 o ^ 749 5 X ^73 ^ 

^ 760 X 289 

22*4 1 * of nitrogen at N.T.P, weigh 28 grams 

. , . , 23*70 X 749*5 X 273 X 28 

weight of gas obtained = X ~ aa4oo 8'^“® 

rr . r 23*70 X 749*5 X 273 X 28 X ICO 

Hence percentage of nitrogen = x 289 X aa400 x 0-1650 

= 16*73 per cent. 

Theoretical for C8H4(N08)3 = 16*67. 


II. Vacuum Method . — In this method the iombustion is per- 
formed in a hard glass tube sealed at one end; the air is 
withdrawn by a Sprengel pump at the beginning, and the 
nitrogen and carbon dioxide are withdrawn in a similar way at 
the end of the experiment. 

Seal a long piece of hard glass tubing at one end, and, when 
cold, clean it out with chromic acid mixture and then with water ; 
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finally dry it by warming while a current of air is drawn through 
it by inserting a long narrow tube attached to a water-pump# A < 
short layer (5 cms.) of freshly heated copper oxide is introduced, 
and then the solid mixed with fine, copper oxide; above this is 
placed a layer of coarse copper oxide, 
and finally a reduced copper spiral. The 
tube is then heated in a blowpipe flame 
at a distance of i dm. above the spiral, 
and when softened is drawn out to a 
width of approximately 0*5 cm., and at 
the same time bent to a right angle. The 

A ■ Coarse Copper Oscide f | ] 

8 ^Finz Copper Gxide & Substxutee I r 
Coarse Copper Oxide, ^ 

0 ^Reduced Copper Spiral L_ 


wide part of the tube beyond the narrow 
portion is then carefully cut off, and the 
tube with the narrow bend at the end, 
after tapping gently to ensure a free passage 
throughout its length, is transferred to the 
furnace and attached to the Sprengel 
pump by means of a piece of stout-walled 
pressure tubing. The joint is made quite 
air-tight by pushing up over the joint the 
cup of water or glycerine which is fitted 
over the pump tube (Fig. 27). 

The pump is then set working till all 
the air is removed, this being indicated 
by the mercury falling in the pump with 
a sharp click ; allow the mercury to click 
for ten minutes ^d then stop the pump. 

A gas-measuring tube, which has been 
filled one-third full of strong caustic potash 
(2 parts of potash to 3 of water) and 
the rest with mercitfy, is carefully inverted over the exit tube 
of the pump under the mercury in the receiving vessel, and the 
combustion is allowed to proceed in the usual, way. The copper 
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spiral and coarse copper oxide are first heated, and the flames are 
slowly approached to that part of the tube containing the substance. 
The bubbles of gas should not come oflT more rapidly than one 
every two seconds. When no more gas comes oflF, and all the 
tube is at a dull red heat, the pump is again set working, and the 
burners are slowly turned down ; when the pump has again clicked 
for ten minutes, indicating the complete removal of the gas, the 
tube containing the gas is transferred (by means of a small crucible) 
to a cylinder of water, and is allowed to stand completely immersed 
for half an hour. The measurement of the gas and the calculation 
are performed in exactly the same manner as in the previous 
method. 


Kjeldahl Process for the Estimation of Nitrogen. 

Kjeldahl’s method for the determination of nitrogen in organic 
compounds^ consists in lieating the substance with concentrated 
sulphuric acid until all the nitrogen has been converted into 
ammonia. The ammonium sulphate thus formed is then decom- 
posed by means of caustic soda, and the ammonia liberated is 
estimated by absorption in standard acid. If sulphuric acid alone 
is used it sometimes happens that the nitrogen is not completely 
converted into ammonia; this is because the temperature of 
boiling sulphuric acid is not high enough to bring about complete 
conversion of the nitrogen. The acid is therefore mixed with 
potassium sulphate, whereby the temperature to which it may be 
raised without boiling is considerably increased. 

The sulphuric acid used in the process must be free from 
ammonium sulphate and oxides of nitrogen. It can be tested by 
carrying out a blank experiment with some substance which does 
not contain nitrogen, e^, sugar. 

Kjeldahl’s process is especially useful in the estimation 
of nifrogen in food stufls, manures, etc., and in order to 
show the method of introducing the substance*^ into flask 
without loss, the estimation of nitrogen in Mellin's food will be 
described. 

Clean and dry a round-bottomed Jena flask of about 500 c.c. 
capacity. Wci^ out about 10 grams oL powered potassium 

< I The i^ethod is not applicable to every componnd containing nitrc^en. 
For further details see any the larger works on organic dbemistry. 



Quantitative Determination of tite Elemenii^ 169 

sulphate on a rough balance, and then weigh out accurately about 
'2 ’5 grams of Mellin’s food on to a watch glass. Transfer the 
food to a small sheet of glazed paper and, using this as a chute, 
let the food slide into the flask. Remove the last traces of the 
food from the watch glass by bringing some of the pcftassium 
sulphatOiOn to the glass and then transferring it by means of the 
paper to the flask. If all the sulphate is transferred in this way 
it will carry with it any small traces of the food which may have 
adhered to the glass or the paper in the first instance,* Then 
pour 20 c.c, of strong pure sulphuric acid into the flask, slowly 
rotating jthe flask meanwhile so that the acid washes down any 
powder adhering to the neck. Now support the flask on wire 
gauze in an inclined position, and heat it with a small flame until 
all the violent frothing has ceased, and then with a larger flame 
so that the acid boils vigorously, condensing for the most part, 
however, on the upper part of the flask and flowing back. This 
heating must be continued 
until the liquid is pale yellow 
(generally from one to three 
hours). When cold, the 
contents of the flask are 
chluted with water. Mean- 
while make up a solution of 
caustic soda containing 35 
grams of sodium hydroxide 
to about 50 c.c. of water; 
cool this solution. 

Fit up the distilling ap- 
paratus as shown in the 
diagram (Fig. 28), which 
does not require further Fig. 2S. 

explanation. The flask A 

is the one which has been used for digesting with sulphuric 
add. Into th^ conical flask C, which is kept cool by a bath of 
cold ^ter, place 25 c.c. of semi-normal add (sulphuric or 
hydrochloric). 

Disconnect the flask A, and holding it in a slanting position, 
pour the solution of sodium hydroxide gently down the neck, so 

> In most cases the us^ of paper may be avoided, and the substance trans- 
ferred directly to the flask, using a wide funnel with a short leg. “ Wash ” down 
with potasMum anlphate, as usual. 
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that it forms a heavy layer at the bottom of the flask. Do not 
let the two liquids mix, or some ammonia will be given off and 
lost Add one or two fragments of granulated zinc ] the object 
of this is to evolve hydrogen and cause the liquid to boil gently 
instead of bumping. Now connect up the whole apparatus as 
shown in the figure. Shake the contents of the large fla^k so as 
to mix the two liquids, and commence to heat. The distillation 
of the ammonia will take from half to three-quarters of an hour. 
The large pipette B acts as a safety trap, and prevents the acid in 
the conical flask being sucked back into the distilling flask. If at 
any time it seems probable that sucking back will take^ place to 
such an extent that some of the liquid may be carried back 
into the (hstilling flask, the clip D may be momentarily opened. 
When the distillation is complete, the burner is not removed 
from under the flask, or turned out, until the clip D has been 
opened. 

The apparatus is then disconnected, the pipette washed down 
into the conical flask, the sides of the flask also washed down, 
and then the contents titrated with semi-normal fustic soda, 
using methyl orange as an indicator. 

Knowing how much acid has been neutralized by the 
ammonia, the percentage of nitrogen in the food can be cal- 
culated. 

Urea or acetanilide (o*2 to 0*3 gram) may be taken instead 
of a food, for practice in the estimation of nitrogen by this 
method. 

Sstmiation of Halogen^ Sulphur, and Phosphorus by 
the Carius Method. 

The most convenient methods for the estimation of all these 
elements are the*3ame in principle. For the halogens, the substance 
is heated in a sealed tube with fuming nitric acid and silver 
nitrate, when the halogen element is completely converted into 
the ' corresponding silver halide. For sulphur apd phosphorus, 
the substance and nitric acid are heated alone, and the sulphuric 
or phosphoric acid formed determined by die usual methods. 
It is obvious that the nitric acid must be pure and free from 
sulphur, chlorine, and phosphorus. The heating of the sealed 
tubes is performed in a special “bomb ” furnace. 

Halogans.--Wei^ carefully into a small narrow test-tube 
(6 to 8 cms. long) about 0*2 gram of the substance. Take a 
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thick-walled wide glass tube (Carius tubing or “ bomb ” tubing) 
about 6 dms. long, and clean it by pulling through it several times 
a pad of cotton wool by means of a string. Seal' the tubing at 
one end, and carefully anneal the hot portion \ when cold, intro- 
duce into it about half a gram of silver nitrate in crystals and 
about 5 x.c. of fuming nitric acid 3 the acid should be intro- 
duced down a long thistle funnel in order to avoid wetting the 
sides. Tilt the tube, and allow the small tube containing the 
substance to slip gently down to the bottom; then, without allow- 
ing the acid to wet the substance, close up the end of the tube, 
pidling it^ out into the form of a sealed capillary with very thick 
walls.' \^en the tube is sealed it should not be left lying about, 
but should immediately be placed in the bomb furnace with the 
capillary end near the opening. The tube is then heated for several 
hours; different substances require different lengths of time, but 
as a rule, it is sufficient if the temperature is maintained at 170®- 
200® for four hours, and then at 200^-230® for another four hours. 
When the furnace is quiit cold the tube is carefully pulled out 
(by the hand protected with a duster) so far that the capillary 
projects a few centimetres from the iron jacket ; the capillary is 
then , warmed carefully by a flame till it gets so soft that the 
pressure inside the tube blows a small hole in the glass and the 
pent-up gases escape ^ (the tube must never be opened directly by 
the use of a file, else an explosion may result). Not till the internal 
pressure has been released is tlie tube removed from the iron 
jacket. A file mark is then made on the tube just below the 
point where it has been drawn out and the narrow portion is 
cracked off by the application of a piece of hot glass rod, care 
being taken that no glass splinters fall inside the tube. The 
contents of the tube and also of the part broken off, if it contains 
any precipitate, are then rinsed out into a beaker, the silver halide 
is collected, washed, and weighed in the usual way. From the 
weight of silver halide a simple calculation gives the percentage 
of halogen. « 

Sulphur and PhosphoruB.— To estimate sulphur or phos- 
phorus, the substance and fuming nitric acid are introduced into 
the Carius tube, and the heating performed as above. For sulphur, 

* Thfi' preparation of* tubes for Carius estunations is best learnt from a 
demonstration by the teacher. 

* Take care that no silver halide is blown out when the pent-up gases 
escape. 
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the contents of the tube, after the adchtion of excess of strong 
hyditchloric acid, are evaporated down almost to dryness in a 
porcelain dish on a water^bath ; excess of hydrochloric acid is 
again added, and the evaporation repeated, after which the 
residue in the dish is diluted, the solution transferred to a beaker, 
and the sulphuric acid precipitated with barium chloride; the 
precipitated barium sulphate is washed, dried, ignited in the usual 
manner, and weighed. For phosphorus, the contents of the tube 
are neutralized with ammonia, the phosphate precipitated as 
ammonium magnesium phosphate, and weighed as magnesium 
pyrophosphate. The method of calculation is obvious, c 



CHAPTER XIV 


DETERMINATION OF THE MOLECULAR WEIGHT OF 
AN ORGANIC COMPOUND 

The chemist has the choice of a large number of different 
methods for determining the molecular weight of an organic 
compound. These methods may be divided into two classes, 
viz. chemical and physical. 


Chemical Methods. 

^ Chemical methods are usually applied to substances which are 
acid or basic in character. A salt of the acid or base is prepared, 
and by analysis the proportion of the acid radicle to the metal 
or to the base is founi This proportion may then be used 
to calculate the molecular weight of the acid or base, it being 
assumed that the basicity of the acid, or the acid equivalent of 
the base, is known. If the acid is fairly soluble in water, its 
equivalent may often be determined by titration with standard 
alkali. 

Molecular Weight of an Acid.— The salt which is used 
should admit of easy purification, and be readily prepared. In 
practice, either the silver or the barium salt is takqi ; the former 
yields metallic silver on ignition, and the latter gives barium 
sulphate on treatment with strong sulphuric acid. 

Silver Salt Method. — The method of carrying out the deter-* 
mination is best explained by taking a particular example, as, for 
instance, benzoic acid. This acid can be shown to be monobasic 
by the usual methods, it gives only one silver benzoate. 

The silver salts of organic acids are generally precipitated 
from neutral sdutions,»and in preparing the neutral solution it is 
best to use ammonium hydroxide, since ammonium salts are most 
easily got rid of in the subsequent operations. The acid is 
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dissolved in aodmonia, and the excess of the latter is driven off 
by boiling until a neutral solution remains ; a fairly concentrated 
solution should be prepared. The addition of silver nitrate to 
this solution, which should be cold, gives a white precipitate of 
silver benzoate, which is filtered off and well washed with cold 
water in order to remove all soluble salts. The salt is then 
carefully dried in the steam oven, and afterwards stored in a dry 
bottle in a desiccator ready for analysis. It should be prbtected 
from the light as much as possible. ^ 

In carrying out the analysis, about i gram of the dry silver 
benzoate is accurately weighed into a porcelain crucible, which is 
then covered with the lid and carefully ignited. The heating 
must be carried out very gently at first, in order to avoid loss by 
too rapid decomposition ; the crucible is finally raised to a red 
heat, and heated until all the carbon is burnt off. It is then 
cooled and weighed, and then heated again, etc., till the \reight 
is constant. 

Suppose I gram of the silver benzoate was weighed out, 
and t^t the weight of silver obtained was g gram. .Then the 
weight of C, H, and 0 combined with 107 '93 grams of silver, U. 

with one gram-atom, is grams. But 107*93 grams 

of silver in the molecule of the silver salt are combined with the 
game weight of C, H, and 0 as is i gram of hydrogen in the acid, 


.% molecular weight of benzoic acid - 


107^93 

S 


+ 1. 


Barium Salt llethod. — The method of procedure in the case 
of barium salts may be illustrated by reference to the determi- 
nation of the molecular weight of succinic acid. The barium 
succinate is prepared by adding barium chloride to a concentrated 
solution of the free acid, and making just alkaline with ammonia. 
The precipitate so obtained is well washed with water containing 
ammonia, in which the barium succinate is less soluble than in 
pure water, and dried in the steam oven* 

Weigh out 0*5 to 0*75 gram of barium succinate into a 
platinum crucible, and add 0*5 c.c. concentrated sulphuric acid. 
The crucible and lid are then arranged as in the determination of 
sodium or potassium as sulphate,^ and ope sideiof the lid very 
carefully heated ; or the crucible may be put to stand on asbestos 

* See any text-book on Qaantitative Analysis. 



Deter minatwn of Molecular Weight 175 

m a larger nickel crucible, which is then gently heated. In 
either case, after the excess of sulphuric acid has been driven off^ 
the crucible and its contents are raised to a red heat fora short 
time, and then cooled and weighed. The process of heating, 
etc., is carried out again until the weight is constant. The 
residue of barium sulphate should be pure white, showing that all 
the carbdn has been burnt off ; it should not react alkaline (due 
to BaO), as such a reaction would indicate that enough sul- 
phuric acid had not been used to transform all the barium into 
sulphate. , 

The calculation may then be carried out by making use of the 
following'proportion 

Molec. wt of the barium succinate : molec. wt. of BaS04 (233*46) 
= wt. of barium succinate taken : wt. of BaSO* found. 

The molecular weight of barium succinate having been calcu- 
lated, the molecular weight of succinic acid is found by subtract- 
ing the atomic weight of barium (137*4) and adding 2*02 (twice 
the atomic weight of hydrogen). 

If the acid is monobasic the result obtained will be twice the 
required molecular weight, since barium is divalent. Corre- 
sponding corrections will have to be made for adds of other 
basicity* 

Titration Method. — By this method the equivalent of the 
acid is determined by titration with standard alkali. If the basicity 
of the add is known, the molecular weight can be calculated. 
Since organic acids are generally classed among the «weak" 
acids, 3 strong alkali (caustic soda or potash free from carbonate ; 
or baryta ^) must be used for the titration, with phenol phthalein 
as indicator. , 

Example,— accurately about 1*5 grams of succinic 
acid. Dissolve in water and make up to 250 c.c. Take 25 c.c. of 
N 

the solution and titrate with baryta. From the results of the 
titrations calculate the weight of succinic add equivalent to 
85*8 grams pa(OH) g^ baryta. This gives the equiva- 
lent of the acid, which is half of the required molecular weight 

* Baryta solutions aio free frotn carbonate, and are the. most convenient to 
nse if the Ba salt of the acid is fairly soluble. 
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Moleonlar Weight of a Base. 

L Oravimetrio ICethod.— Use is made of the fact th^ orgi^c 
bases generally' form salts with chlorplat&ic acid, and these 
salts are readily decomposed by heat, giving a residue of pure 
platinum. The salts are of the same type as ammonium platini- 
chloride, (NH4)aPtCl«, NH, being replaced by a molecule of the 
bise; the aniline salt is (C6H»NH2.H)aPtCl» Thus each 
molecule of the complex salt contains 2 molecules of the base, 
and if the molecular weight of the complex salt can be found, the 
molecular weight of the base can also be determined. 

As an examjple, we will take the determination of the mole- 
cular weight of, the alkaloid cinchonine, which acts as a diacid base. 

Dissolve some pure cinchonine in hydrochloric acid (50 per 
cent, by volume), and to the warm solution add an excess of 
chlorplatinic acid. Allow to cool, and filter ofif the complex 
salt ; wash first with a little 50 per cent. HCl, and then several 
times with a small quantity of alcohol. Dry carefully in the 
steam oven, or in vacuo over strong sulphuric acid. 

Weigh out accurately about i gram (0*5 to r gram) of the dry 
platinichloride into a porcelmn crucible ; cover with the lid and 
heat very gently at first, finally more strongly, until all the carbon 
has been burnt away, (It may be necessary to stir the contents 
of the crucible from time to time with a clean platinum wire, in 
order to promote the combustion of the carboa) Heat till 
the weight is constant. 

The calculation is as follows 

Molec. wt, of the platinichloride ; atomic wt of Pt (194*8) 

= weight of complex salt taken : weight of Pt found. 

From the molecular weight of the platinichloride thus calcu- 
lated, subtract the weight represented by HaPtCl«(= 409*52), and 
divide the remainder by two. This gives the equivalent weight 
of the base, which, in the case of cinchonine, is half the molecular 
weight 

Hr. Volumeftric Methods.—These may be used when the salts 
of the bases are fairly soluble and considerably hydrolyzed in 
water ; the hydrochloride of the base is chosen for preference. 

The amount of hydrochloric acid may be found in the usual 
way by titration with standard alkali. The method depends upon 
the fact that the hydrochloride is strongly hydrolyzed in solution ; 
titration, of the free acid destroys the equilibrium, and the process 
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goes on until all the hydrochloric acid has been hydrolyzed away 
from the base, t,g , — 

QH,NH^HCI + H2O ^ QH,NH^HOH + HCL 

The molecular weight of aniline may be determined by these 
methods. Freshly distil some aniline and dissolve a little of, it 
in a smml quantity of warm hydrochloric acid, made by mixing 
equal volumes of concentrated acid and water. On cooling, the 
hydrochloride separates out. Filter and wash with hydrochloric 
acid (1:1), and recrystallize from dilute hydrochloric acid ; dry 
between filter-paper. When dry, weigh out accurately 0*3 to 0*4 
gram, dissolve in water, and titrate the solution with tenth-normal 
alkali, using phenol phthalein as indicator. From the results of 
the titrations, calculate the weight of hydrochloric acid in the 
weight of salt weighed out, and then the molecular weight as 
follows 

Molec, wt, of the hydrochloride : molec. wt. of HCl (36*46) 

= wt. of hydrochloride taken : wt. of hydrochloric acid found. 

From the molecular weight of the hydrochloride thus calcu- 
lated, subtract the weight represented by HCl (36*46), and this 
gives the required molecular weight of the base.^ 

Physical Methods. 

The physical methods which can be used for determining 
the molecular weight of an organic compound are of two kinds. 
If the substance js readily volatile its vapour density may be 
determined, and hence its molecular weight ; if it is not readily 
volatile its molecular weight in solution is measured by one of the 
methods which depend on the osmotic pressure of a dissolved 
substance. 

Of the vapour density methods we shall only consider two, 
viz. Dumas’ and Victor Meyer’s. The latter is the one which 
is inost convenient to use in chemical laboratories, but as the 
former is also vejy often used it will be described. 

Dumas' Method.— A light glass bulb of ioo-3o4^c.c. 
capacity, and with a tube drawn out to a fine point, as IHpwn 
in the diagram, is dried and weighed. A few cubic centi- 
metres of the liquid under examination are then introduced 

* Tbs hydrochloride of a base can also be titrated with a standard solution 
of silyer nitrate ; this procedure possesses the advantage of being applicable to 
all such hydrochlorides, wliatever their degree of hydrolysis. 

N 
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c. 

into the bulb by warming the latter and then allowing the 
liquid to be sucked into it as it cools. The bulb is then placed 
in a bath of water or oil so that the fine point is just above the 
surface of the heating liquid, and is held in position by means 
of an appropriate holder {yide Fig. 29). The temperature of the 
batli should be at least 20® above the boiling point of the liquid. 
The liquid in the bulb boils, and its vapour escapes through the 
fine Jet, forcing the air before it. As soon as all the liquid has 
vaporized, which is indicated by no 

V more vapour issuing from the jet (hold 
the flame of a bunsen near; it will 
not be blown away unless -wapour is 
issuing), the jet is sealed by means 
of a blowpipe, and at the same time 
the temperature of the bath is noted, 
as well as the height of the barometer. 
The bulb is then removed from the 
bath, cooled, and carefully dried; 
Fig. 29. after standing in the balance case for 

at least fifteen minutes to acquire the 
temperature of the case, it is weighed. The temperature of the 
balance and the barometric height are noted at the time of 
weigMng. 

The narrow tube is then immersed in air-free water (or 
mercury), and the fine point broken off; the bulb then be- 
comes filled with water (or mercury), if all the air had been 
expelled from it The bulb full of water (or mercury) is again 
weighed. 

The molecular weight may be calculated as follows, omitting 
conections for the expansion of glass and water, or for the loss 
of weight of the bulb full of water due to the buoyancy of 
the air. 

Let W, = weight of the bulb full of air, 

W, = apparent weight of the bulb full of vapour, 
W = weight of the bulb fuH of water (or‘ 
mercury), 

/ and / = temperature and pressure respectively at 
the time of sealing, 

/' and / c= temperature and pressure respectively at 
the time of weighing, 

and 0*001293 gram a= weight of i c.c. of air at o^ ^d 760!^. 
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Then volume of bulb = W - = V c.c. [If filled with 

/W - W ) 1 
mercury the volume is • 

13*596 J 

Apparent weight of vapour = W, - W,. 

During the weighing of the bulb full of vapour it was buoyed 
up by its own bulk of air at the temperature and pressure of the 
balance-room. 

The weight of this air (not taking into account the water 
vapour contained in it) is approximately V X 0*001293 x 
*73 

Therefore true weight of vapour = W, - -1- V^o*oo i * 93 X ^ 


273 


11 ^) 

;+^7 


gram. 


“fO I " 

But this weight of vapour filled the bulb at the time of sealing, 
ie. at t° and p mm. 

Therefore V c.c. of the vapour at and p mm. weigh 


\V, - 4 * V^O‘001293 X ; 


*73 


7) 


gram. 


^ 760 273 + J , 

Therefore 22400 c.c. of the vapour at 0° and 760 mm. weigh 

K \ ( / 273 22400 273 -b / 

w. - W.) + v(o.oon93 X 

X ly grams, and this is the molecular weight required. . 

If the bulb does not completely fill with water when the 
point is broken under the surface of that liquid, all the air 
has not been completely expelled by the vapour. Generally, 
the amount of air left in is not very large and there is no 
need to conect for it in ordinary work ; the built 
with water from a wash-bottle before being weighed, and Ae 
calculation carried out as usual In other cases a correction 
can be applied, but it is better to repeat the experiment 
* There are nfeny sources of error in Dumas* method, and 
the results are only accurate after numerous corrections have 
been applied. Consequently, it is always better to use the 
following simpler method, which is due to Victor Meyer, 

Victor Meyer’s Method.— In this method the gaseous 
volume of a weighed quantity of the liquid is determined by 
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the air expelled from the apparatus when the liquid is quickly 
evaporated. 

The best form of apparatus is shown in the diagram (Fig. 30). 
The side tube D is closed by a tightly fitting indiarubber stopper, 

through which a glass rod, with 
flattened end, passes air-tight; 
it should be lubricated with 
graphite. The horizontal por- 
tion of the capillary tube G, 
connecting the side tube C, 
with the Hempel gas burette 
F, may be to 2 feet long. 
All the rubber connections 
should be of thick-walled 
indiarubber tubing, and the 
ends of the two glass tubes 
should be brought close to- 
gether. 

The tube B (capacity of 
the bulb about 200 c.c.), the 
upper end of which is closed 
by a rubber stopper, is placed 
in the wider tube A, which 
contains a liquid, the boiling 
point of which is at least 20° 
to 30® above the boiling point 
of the liquid to be vaporized.^ 
The mouth of A is closed 
by a slit cork. To preveht 
bumping, a few pieces of 
porous tile, oi^imilai material, 
are placed in A, and the liquid 
is boiled, the three-way cock 
H being meanwhile open to the air to allow the expanded gas 
to escape. After the liquid in A has been bbiling vigorously 
for ten minutes, it is ascertained whether the temperature in B has 
become constant, by turning the tap H, so as to make connection 
between B and the burette. If the temperature has become 
constant, the level of the water in the» burette will remain 

» Smtabl« heating liquids are water {ico% amyl alcohol (131®),. aniline 
(184^, nitrobenzene (209®), a-bromonaphthalene (279®). 
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unchanged. When constant temperature has been attained, the 
tap H is again opened to the air, the stopper E removed, and 
a weighed quantity of the liquid to be vaporized, contained 
in a small stoppered weighing bottle, i? dropped on to the flat 
end of the glass rod passing through D. The stopper E is 
then replaced, communication between B and the burette made 
through H, and the bottle with the liquid allowed to drop to 
the bottom of B by rotating, or slightly withdrawing, the glass 
rod* On reaching the bottom of the tube, the liquid is vaporized, 
and expels a volume of air equal to the volume of the vapour 
at the pajrticular temperature. As the air passes over into the 
burette, the reservoir must be lowered so that the level of the 
water in the reservoir and burette remain about the same. This 
diminishes the danger of leakage. So soon as the volume of air 
in the burette becomes constant, the water-levels are adjusted, 
and the cock H is closed. The burette is then detached, 
moved away from the remainder of the apparatus, and allowed 
to stand till the temperature becomes constant. The water-levels 
are again adjusted, and the volume of expelled air read off. 
At the same time the temperature is read from a thermometer 
hung up beside the burette, and the height of the barometer 
is also noted. 

Instead of the gas burette for collecting the expelled air, 
the following anangement may be used. Attached to the side 
tube C is a bent capillary tube, the end of which dips under 
water contained in a pneumatic trough. After the temperature 
of the apparatus has become constant, as indicated by no more 
bubbles issuing from the end of the capillary, a graduated 
measuring tube, filled with water, is inverted over the mouth 
of the capillary. The experiment is then carried out as previously 
described, the air being collected in the Measuring tube. 

When all the air has been expelled, the measuring tube is closed 
with the thumb, and transferred to, and completely immersed 
jn, a deep cylinder of water. After the tube and its contents 
have assumed the temperature of the water, the water-levels 
are adjusted and the volume of the enclosed air read oft At 
the same time the temperature of the water and the barometric 
height are noted. 

Details , — ^The process of vaporization should take place as 
rapidly as possible; otherwise diffusion and condensation of the 
vapour on the upper cool parts of the tube may take place, with 
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the result that the volume of air expelled will be too small. For 
the same reason, when using the Hempel gas burette, the stop- 
cock H should be closed, after adjusting the water-levels, as soon 
as the volume becomes constant (the volume should not diminish). 

Sometimes the stopper of the weighing bottle becomes fixed, 
so that vaporization is prevented, or only takes place ve^y slowly. 
To obviate this, the stopper should be loosened, or removed 
altogether the liquid is not too volatile), before the weighing 
bottle is dropped on to the glass rod at D, In this case, 
care must be taken that the weighing bottle is not filled so 
full that the liquid wets the stopper. Instead of the weighing 
bottle, a small, thin glass bulb, drawn out to a fine point, may be 
used for holding the liquid. After it has been partially filled 
with the liquid, the point is sealed, before it is weighed. It is 
so placed on the glass rod at D that the point is downwards; 
when it falls to the bottom the point is then broken. If the 
liquid is not too volatile the point may be broken off before 
it is dropped on to the glass rod; in this case, of course, it 
is placed point upwards. To prevent vaporization as far as 
possible while the weighing bottle and liquid rest on the rod 
at D, the upper end of the tube B should be protected from 
the heat of the flame and of the bath A, by means of a sheet 
of asbestos board, placed oh the top of the cork closing the 
mouth of A. 

To prevent the bottom of the tube B being broken by the 
fall of the weighing bottle, it is covered with asbestos or sand, 
which has previously been strongly ignited. Mercury may also 
be used if the temperature employed is not much above 150*’, and 
if the substance has no action on mercury. 

After each experiment, all vapour must be removed from the 
tube by blowing air through it 

Calculation. 

Let w = weight in grams of the substance taken, 

V = volume of air expelled in cubic cen&netres, 

/ = temperature, 
p = pressure, 

/ a= vapour pressure of water at temperature f. 

Then the volume of air expelled, reduced to N.T.P., is— 


p-fs. 273 . 




The molecular weight of a substance in solution is most con* 
veniently* determined either by the freezing point or by the boiling 
point method. 

Freezing Point or Oryoscopic Method.— In this method 
it is necessary to determine the freezing point of the pure solvent, 
and also the freezing points of solutions of 
known strengths. The most convenient 
apparatus {vide Fig. 31) is that devised by 
Beckmann. The freezing-point tube C, 
which is furnished with the side tube D, 
is supported by means of a cork in the 
neck of a wider tube, B, so that the 
freezing-point tube is surrounded by an 
air mantle. The tube B passes through 
the centre of the brass lid, L, of a large 
glass vessel, being 6xed in its place by 
means of a cork, or by metal springs. 

Through another opening in the lid there 
passes a stirrer, E, by means of which the 
freezing mixture contained in A can be 
stirred and the temperature kept more 
uniform. A’ third opening in the lid 
allows of the pass^e of a thermometer. 

The freezmg-point tube C is fitted Fig. 31. 

with a cork th/ough which pass a Beck- 
mann thermometer, T, and a stirrer, S, and to the upper end of 
the latter a non-conducting handle of cork or wood is attached. 
The stirrer is made entirely of platinum, or else of glass with a 
horizontal ring of thi^ platinum fastened at the bottom ; in order 
to ensure freedom of movement it is made to pass through a 
short piece of glass tubing inserted in the cork of the freezing* 
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point tube. Care must be taken that the stirrer does not scrape 
against the ^thermometer bulb. 

In ord^ to keep the temperature of the cooling bath more 
uniform, it Is generally surrounded with thick felt, and the lid is 
also covered with the same material. 

In carrying out the determinations it is necessary to, observe 
the following precautions ; — ' 

1. The temperature of the cooling bath must be so regulated 
that it is not more than 3® below the freezing point of the liquid in C. 

2. The amount of supercooling of the liquid before freezing 
is allowed to take place should not exceed 0*3® to 0*5®, otherwise 
so much of the solid solvent separates out that the concentration 
of the solution is thereby considerably altered. 

3. The stirring should be uniform, and at the rate of about 
once per second. Too rapid stirring would generate too much 
heat by friction, 

4. Always tap the thermometer before making a reading, as 
the mercury is likely to stick in the bore of the capillary. 

Tlie method of carrying out a determination will now be 
described. 

Determination of the molecular weight of naphthalene in 
benzene Bolutiou — The freezing-point tube is cleaned and dried, 
and fitted with two unbored corks. 'Tt is weighed, and then after 
the introduction of 15 to 20 grams of pure benzene weighed again, 
in order to obtain the weight of the benzene ; the weighings need 
only be carried out to the nearest centigram. The Beckmann ther- 
mometer is then set {yide infra) so that at the temperature of 5*5® 
(melting point of benzene) the mercury stands not lower than the 
middle of the scale \ after drying thoroughly it is inserted, along 
with the stirrer, in the freezing-point tube, so that the bulb of the 
thermometer is completely immersed in the benzene. Fill the vessel 
A with water and ice, so that a temperature of 2°-3® is obtained. 
This can be regulated by varying the amount of water and ice. 

An approximate determination of the freezing point of the 
benzene is first made by placing the freezing-point tube directly 
in the cooHng bath,* so t^t the temperature falls comparatively 
rapidly; the liquid should be slowly stirred all the time. When 
solid begins to separate, which will be denote^ by the fact that the 

^ These prectuitioos are fully discussed in Findlay’s Practical Physical 
Chemistry,” which the student should consult 

* The Ud is supplied with a hole for this express purpose* 
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temperature begins to rise, quickly dry iht tube, and place it in 
the air mantle in the cooling hath ; stir slowly, ar^ read the 
temperature when it becomes constant. Now withdra# the tube 
from the mantle, and melt the solid benzene by Inikns of the 
hand. If in this operation the temperature of ^e liquid is 
raised more than about above the freezing point, place the 
tube again directly in the cooling bath, and allow the temperature 
to fall to within about half a degree of the freezing point as 
determined above j quickly dry the tube and place it in the air 
mantle, and allow the temperature to fall, stirring slowly mean* 
while. When the temperature has fallen to from 0*2° to 0*5® below 
the approximate freezing point found above, stir more vigorously. 
This will generally cause freezing to take place, and the tempera- 
ture will now begin to rise.^ Stir slowly again, and with the help 
of a lens, read the temperature every few seconds, tapping the 
thermometer before each reading. The temperature rises quickly 
at first, then much more slowly, and finally remains constant at 
the freezing point of benzene. Repeat the observation several 
times, not fewer than three concordant readings being taken ; 
the mean of the readings gives the freezing point of the benzene. 
The delations of the separate readings from the mean value 
should not exceed o’ooz®. 

The freezing point of the solvent having been determined, a 
weighed amount of naphthalene, in the form of a fine powder, 
is introduced into the benzene through the side tube D. The 
naphthalene is contained in a long narrow ignition tube, from 
which it can be shaken without any of it falling into the side tube 
D. The ignition tube is weighed before and after the experiment, 
and so the amount of naphthalene introduced is known. Pastilles 
of the substance are not convenient to use, as they dissolve so 
very slowly. The amount taken should be such that a depression 
of the freezing point of o’2°-o‘5® is caused; generally about 
0*2 gram of the substance is enough for this. 

After the naphthalene has dissolved, the freezing point of the 
solution is determined in exactly the same manner as described 
for the pure solvent, except that in the case of a solution the 

* Sometimes the liquid rei-^ns perristently supercooled, even on stirring 
vigorously. In such case^ fieezing is started by the introduction of a small 
crystal of the solid solvent through the side tube D, the ^rer being raised and 
touched by the crystal The crystals are held in reserve in 1 small tube 
immersed in the cooling bath. 
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temperature does not finally remain constant, but rises to a 
maximum then falls slowly, owing to the freezing-out of the 
solvent cai^ng an increase in concentration of the solution, and 
therefore a fall in the freezing point. The maximum reading is 
taken as the freezing point of the solution. A number of determi- 
nations should be made and the mean taken. The difference 
between the freezing point of the pure solvent and of the solution 
is the observed depression of the freezing point. 

Two further additions of the naphthalene should then be made, 
and the freezing point determined after each additioa 

In the case of the determination of the molecular weight 
of liquids, the latter are introduced into the freezing-poinf tube by 



means of a pipette with a long tube (Fig. 32). The pipette is 
weighed before and after the liquid has been run out of it. 

The Beckmann Thermometer. — In order that the determi- 
nations should be sufficiently accurate, the thermometer should 
be graduated to, at least, hundredths of a degree, and the tem- 
perature may then be estimated to thousandths* with sufficient 
accuracy. Such a thermometer, if made in the ordinary way, 
would have only a very short range, unless its length were incon- 
veniently great ; and it would therefore be necessary to have a 
number of thermometers for use at different temperatures. In order 
to use one and the same thermometer for different temperatures, 
Beckmann has designed one in which the amount of mercury in 
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the bulb, and therefore the temperature at which the thermometer 
can be used, can be altered. The lower the temperature, the 
greater must be the quantity of mercury in the bulb. 

This regulation of the amount of mercury in the bulb is 
rendered possible by having at the upper end of the 
capillary, a small reservoir, R (Fig. 33), into which the 
excess of mercury can be driven, or from which a larger 
supply of mercury can be introduced into the bulb. 

The thermometer does not allow of the absolute tempe- 
rature being measured, but it enables one to determine 
differences of temperature at any desired absolute tempe- 
rature. it usually has a range of only five or six degrees. 

In order to use the thermometer it is necessary to 
“set'^ it, i.e, to arrange that the top of the mercury 
column shall be on the scale. The thermometer is 
inverted and gently tapped so as to collect the mercury 
at the upper end of the reservoir. Return the thermo- 
meter carefully to the upright position, and warm the 
bulb in a beaJeer of water until the thread of mercury 
unites with the mercury in the reservoir. Then cool 
slowly in a water-bath to a temperature which is a°-3® 
higher than the freezing point of the solvent This 
higher temperature is necessary because the scale does 
not extend upwards to the end of the capillary. The 
temperature of the beaker of water should be read by 
means of an ordinary thermometer, preferably graduated 
in tenths of a degree, ^fter a few minutes, when the 
thermometer will have taken the temperature of the 
bath, strike the upper end of the thermometer against 
the p alm of the hand so as to cause the excess of 
mercury to break off from the end of the capillary. 

Make sure, now, that the amount of mercury has been 
properly regulated, by placing the thermometer in a bath fig. 33. 
the temperaturq of which is equal to the highest that 
will occur in the experiment, and see that the mercury stands on 
the scale. If it does not, the operation must be repeated till 
the conect adjustment has been obtained. 

Osculation of the Molecular Weight. — The molecular 
weight (w) of the soliite is calculated by means of the formula— 

A 
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where w is the weight in grams of the solute dissolved in W grams 
of the solvent, A is the observed depression of the freezing point, 
and ^ is a constant depending on the solvent. The values of i 
for the commonest solvents are given in the following table : — 


Solvent. 

Freeang point. 

k 

Water . . ^ . 

0’0° 

1850 

Benzene . ‘ . . 

5‘4 

5000 

Glacial acetic'^acid ’ 

*77 

3900 

Nitrobenzene . . 

3-6 

7000 


The error in the determination of molecular weights by this 
method should not exceed 3-5 per cent. The student should 
bear in mind, however, that many substances possess abnormal 
molecular weights when in solution, eg, electrolytes when dis- 
solved in water are dissociated, whereas such substances as 
acetic and benzoic acids are associated in benzene solution. 

Boiling Point or EbuUioscopic Method.— In this method 
the boiling point of the pure solvent, and also the boiling points 
of solutions of known strength, are determmed. Beckmann has 
devised an apparatus which may be used fof very ac<yate work,^ 
but for ordinary chemical purposes, when it is only^ desired to 
decide what multiple of the empirical formula of a compomad 
represents the molecular formula, where, therefore, an accuracy 
of 5-10 per cent, is sufl^cient, the Lmdsberger method, as 
modified by Walker and Lumsden, is TOnveniently employed* 
The advantage which this method possesses is that several deter- 
minations of the molecular weight can be carried out with one 
and the same sample of material, so that only one weighing 
is necessary. Instead, also, of determining the amount of the 
solvent by weight, its amount by volume is measured. 

Landsberger-Walker Apparatus. — ^The apparatus (Fig. 34) 
consists of a boiling fiaslc, F, and a graduateS tube, N, sur- 
rounded by the wider tube E, which is connected at the bottom 
with a condenser. The graduated tube is fitted with ,a cork 

* Glacial acetic acid is very hygroscopic, so that when using this substance 
as a solvent, special precautions have to 1^ taken to keep moisture away. Foi 
details, the student is referred to books on Practical Phyacal Chemistry. 

• For details see Findlay's ** Physical Chemisti^." 
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carrying a thermometer, T, graduated in tenths of a degree, and 
a tube, R, by means of which vapour can be led into, the tube N 
from the boiling flask. Excess of the vapour passes out through 
the hole H, near the top of N, forms a hot mantle for the gradu' 
ated tube, and is then condensed, and can be used^over again in 
the flz^k F. S is a safety tube. 

The apparatus is fitted together as shown in the figure, the 
boiling flask containing a quantity of the pure solvent. About 



10 to 12 c.c of the solvent are also placed in the graduated tube, 
and the vapour is then passed through it from the flask F, until 
the drops fall regularly from the condenser at the rate of one a 
second, or one every two seconds. The temperature is then read 
on the thermometer with the help of a lens, the hundredths of a 
degree being estimat&d. 

The boiling point of the pure solvent having thus been deter- 
mined, most of the liq^^d is poured out of the graduated tube, 
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only 5-7 C.C. being left. In this, a weighed quantity of the 
substance to be investigated is dissolved, and the apparatus again 
fitted together. Vapour is then passed through the solution until 
the liquid drops from the condenser at the same rate as before. 
The temperature is now read, and the boiling flask immediately 
disconnected from the graduated tube. If the solvent is inflam- 
mable, the flame must first be removed or extinguished. Remove 
the thermometer apff the inlet tube,‘ place the graduated tube in 
a perpendicular positicm, and read the volume of the liquid, the 
'tenths of a cubic centimetre being estimated. * 

After having determined the volume of the solution, put the 
different parts of the apparatus together, again, and again pass 
vapour through the solution, until the liquid drops from the con- 
denser at the same rate as before. Read the thermometer, and 
measure the volume of the liquid as above. Three readings of 
the temperature and the corresponding volume should, if possible, 
be made. 

To ensure the uniform ebullition of the solvent in the flask F, 
a fresh piece of porous tile should be placed in the flask each 
time the apparatus is disconnected, and before proceeding to pass 
the vapour into the solution. 

The best solvents to employ are alcohol and ether. With 
benzene the volume of the solution increases so rapidly on 
account of the low heat of condensation of benzene vapour, that 
not more than two, sometimes hot more than one reading can be 
obtained with the same we^ht of solute. Water is also not a good 
solvent to use, on account of the fact that for a given strength of 
solution, only a comparatively small elevation of the boiling point 
is obtained. 

Calculation of the Molecular Weight — The molecular 
weight (m) of the solute is calculated by means of the expression— 


m = 



, where w is the weight in grams of the solute contained in v c.c. of 
the solution, A is the observed eleyation of the boiling point, and 

« vfe: 

* A little of the solution will remain clinging to the thennometer and inlet' 
tube; they should therefore be hung up so that the solution cannot drain 
away, or otherwise some of the solute would be lost for the rennunder of the 
experiment The solvent lost by evaporation docs not matter in the least. 
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is a constant depending on the solvent. The values of k for 
some solvents are as follows : — 


k 

Alcohol 1560 

Ether 3030 

Acetone 2220 


The same remarks apply with respect to, abnormal molecular 
weights as those 'given in connection with tlie freezing-point 
method (see p. 18S). 



CHAPTER XV 


SPECIAL QUANTITATIVE WORK 

Itr a number of cases, after carrying out the preparation of 
an organic compound, the student has submitted the compound 
to the process of saponification, and the resulting products were 
tested for qualitatively. In the determination (vide infra) of 
certain radicles which occur in organic compound, it is very often 
necessary to carry out a quantitative saponification ; the method 
of doing this will now be described. * 

Quantitative Saponification of Ethyl Benzoate. — 
Into a Jena*ask of about 150 c.c. capacity weigh out accurately 
about 2 grams (not more) of ethyl benzoate. Add 50 c.c. of 
N 

— alcoholic potash,^ connect the flask with a reflux condenser, 

and gently boil the contents of the flask for half an hour, after 
which time the saponification should be complete. 

contents of the flask are allowed to cool, phenol 
phthalein is added, and the excess of %lkali is determined by 
titration with standard acid.* From the quantity of alkali which 
was used up in the saponification the purity of the ethyl benzoate 
can be calculated. 

Applications — In many cases it is necessary to determine 
the “hydroxyl radicle” in organic compounds. The method 
used depends-on the preparation of derivatives, the most common 
of whi<i are the acetyl and benzoyl compounds. A weighed 
quantity of the pure derivative is then submitted action 
of alcoholic potash, and the amount of acetic acid %r ^enzoic 

‘ Tills solatioo should he approximate strength, as*equired, and 

then standardized with s^mi^oiihaM acid. 

’ alternative method i9|9 acidify of the flask with a non- 

volatile acid, and steam-distil’'<wer the acid, which is then estimated 

in the distillate. This method takes mucol^geT than the one given. 
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add formed is determined as given above> ue, a quantitative 
saponification is carried out The number of acetyl or benzoyl 
groups in the derivative may then be calculated, and hence the 
number of hydroxyl groups in the original compound. 

The acetylation is most conveniently carried out by means 
of a mixture of anhydrous sodium acetate and acetic anhydride. 
About ^ual weights of sodium acetate and the substance are 
taken, and 3-4 parts by weight of acetic anhydride. The 
mixture is boiled for a short time in a flask attached to a 
reflux condenser, and the acetyl derivative isolated by pouring 
the products of reaction into water. If the acetyl derivative 
is soluble in water it must either be salted out** or else extracted 
with benzene. Liquid compounds must be purified by distillation, 
any acetic anhydride remaining being removed by distillation 
under reduced pressure, and solid compounds must be purified 
by recrystallization. Ethyl acetate is very often convenient to 
use as a solvent in the latter case. 

The benzoyl derivatives are generally prepared by the Schotten- 
Baumann reaction (see p. 121). A ro per cent, ^ution, or in 
some cases, even a 20 per cent, solution, of sodiim hydroxide 
should be used, together with excess of benzoyl chloride. The 
mixture is well shaken until the smell of benzoyl chloride dis- 
appears. The benzoyl derivatives are usually solid, and are 
purified by recrystallization. 

As an exercise, the student may show that there is only one 
hydroxyl group in j3-na|hthol by the preparation and sa|fcifica- 
tion of the acetyl derivative (see p. 132). 


Determination of the -m, and =NH Groups.- 
The — iroup may be determined by the preparation of 
the acetyl derivative, and then quantitative saj)onification, as 
described for the -OH group. In many cases, however, it 
may be determined directly as follows . 

Weigh out accurately about i gram of aniline into a small 
flask fit^ with a reflux condenser* The aniline is introduced 
into the fifek by means of the small pipette shown in Fig. 32 ; 
from the iSreight of the pipette More and after running the 
aniline into the flask, the weight Si a^ilitie used is determined. 
Then add about 2 ^ranggi acetic-anhydride. This may be 
done either by making sealed bulb containing^a weighed 

quantity of the anhydride, and then breaking the bulb so as 
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to mix its contents with the aniline; or, more conveniently, 
2 C.C. may be measured by means of a pipette fitted with rubber 
tubing and soda-lime tube in order to prevent the vapour of the 
anhydride coming into the mouth. In either case it will be 
necessary to perform a blank experiment, so that it is immaterial 
whether the anhydride be weighed or measured. 

Attach a reflux condenser, shake up the mixture, and digest 
on the water-bath for about half an hour. Then add 50 c.c. of water, 
and digest for a further forty-five minutes. Cool, wash down the 
condenser and fiask, and make up to 250 c.c. After well 

N 

mixing, titrate 25 c,c. of the solution with — barium hydroxide, 

using phenol phthalein as the indicator. 

It is necessary to perform a blank experiment, using no aniline, 
in order to find out the strength of the acetic anhydride used. 
The experiment is carried out exactly as above, and the same 
method must be used for measuring the anhydride in both 
cases, ^ 

From % equations 

CeHjNH, + (CH,C0)30 = CaHgNH.COCHs + CH^COOH 

and (CH3C0),0 + H^O == aCHsCOOH 

the purity of the aniline, or the number of amino groups, may be 
calculated. 

T^ imino group (2=NH) may be determined by acetylation 
in an exactly similar manner. Monometbylaniline, CeHaNHCH,, 
may be taken by the student as an example, and having done this 
he may proceed to determine the composition of a mixture of 
monomethyl- and dimethyAniline, since the latter compound 
does not form an acetyl derivative. 

The aliphatic amino group may very often be conveniently 
estimated by measuring the nitrogen evolved by the action of 
nitrous acid. 

R.NHj + HNO. = R-OH + N* 

For further details the student must consult a more advanced 
text-book. 

Determlnatloii of ^ Methoxjrl cted EthoxyL—The 
method used depends on the decomposition of the methoxy 
compound by means pf hydriodic acid, methyl iodide being 
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liberated. The methyl iodide is decomposed by silver nitrate, 
and the silver iodide formed is weighed The mejhod to be 
described is Perkin’s modification of Zeisers method.^ 

The apparatus used is shown in the diagram (Fig. 35). The 
neck of the distilling flask should be about 20 cms. long (between 
the side .tube and the bulb of the flask). The beaker contains 
glycerol, and the two flasks which are connected by a siphon 
tube contain an alcoholic solution of silver nitrate. The end 
of the siphon tube in the first flask comes down close to the silver 
solution, whilst that in the second flask passes into it, so that any 
methyl iodide vapour carried over from the first flask has to 
bubble tlirough the solution in the second flask, and, in this way, 
is perfectly absorbed. If any sucking back takes place, a little 



of the silver solution is drawn through the siphon tube into 
the first flask, and afterwards forced back again into the 
second 

During the Experiment a current of carbon dioxide, which 
must be washed with water and also with silver nitrate or copper 
sulphate solution, to remove any hydrogen sulphide arising from 
impurities in the marble, is passed through the apparatus by 
means of the tube in the neck of the distilling flask. • 

’ Another modification is that due to IlewiU and Moore. See Jmm, 
Ckm. Soc,^ 1902, 81 , 318, 
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The solution of hydriodicmcid used must have been prepared 
by means ,of .phosphorus, and ntt by means of sulphuretted 
hydrogen. Its specific grayity should be i-fiS-rya, and the 
boiling point about ia6°; it is the solution of maximum boiling 
poin^ Stronger acid cannot be used. 

The silver nitrate solution is prepared by dissolving 2 parts of 
the fused salt in 5 parts of water, and adding 45 parts of absolute 
alcohol ; it is kept in the dark, and the quantity required for each 
determination filtered into the absorption flasks. 

The method of carrying out the experiment is as follows : 
15 c,c. of the hydriodic acid, together with a small fragment 
of unglazed porcelain, are put into the distilling flaskJ 0*3 to 
0*5 gram of the substance (e.g, quinine, brucine, vanillin) is 
weighed in a portion of an ignition tube, which is then placed 
in the neck of the distilling flask, and pushed down into the 
bulb by means of the carbon dioxide tube; the indiarubber 
stopper carrying the latter is then firmly fixed in the neck. 
The two flasks, containing about 20 c.c. of the alcoholic solution 
of silver nipate in the first, and 15 c.c. in the second, are then 
connected with the distilling flask by means of vulcanized tubing. 
The glycerol bath is heated to i3o®-i4o®, a constant current 
of carbon dioxide being passed through the apparatus at the rate 
of about three or four bubbles in two seconds. In a very short 
time, the turbidity due to silver iodide appears in the silver 
solution contained in the first flask, the amount formed in the 
second flask being very small After a time, the temperature 
of the glycerol may be raised until it causes the hydriodic 
acid to boil gently, and the neck of the distilling flask to become 
heated almost up to the dftivery tube, but so that there is no 
actual distillation into the silver solution. The operation is often 
complete in abtiut three-quarters of an hour, but this is not always 
so, and, as the time varies with different substances, it is best 
to heat for an hour; the flasks are then disconnected, and a 
V-tube iyide Fig. 35) containing a few cubic centimetres of silver 
solution substituted. The heating is then confinued for about 
twenty minutes, and, if no appreciable quantity of crystalline 
precipitate form§^ the operation may be considered complete; 
but otherwise the solution should be poured into the bulk in the 
flasks, a tresh quantity put into the tube, aifd the process allowed 
to continue another twenty minutes, and so on until the formation 
of the precipitate ceases. In some cases, where the substance is 
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attacked with difficulty, the decomposition is greatly facilitated 
by the addition of acetic anhy^de. ^ 

When the action is complete the contents of the flasks are 
gradually adde^^ to 50 c.a of boiling water acidified with nitric 
acid, and contained in a beaker of about 250 c.c. capacity. The 
boiling continued until nearly all the alcohol has been driven 
off, and the solution allowed to remain for one hour at the 
or(hnary temperature; the precipitate is then collected and 
weighed in the usual manner. 

' Before carrying out the actual determination it is always 
advisable to do a blank experiment, in order to be sure that 
no hydrfbdic acid distils over into the silver nitrate. If there 
should be any difficulty in preventing this, a set of potash 
bulbs containing 0*25 to 0*5 gram red phosphorus suspended 
in water may be inserted between the distilling flask and the 
silver nitrate; the bulbs are kept warm by immersion in water 
heated to 50®. 

The method is only suitable for non-volatile compounds ; 
it has to be modified for use with compounds , which are 
volatile. 

Ethoxyl determinations may also be made in a similar 
manner, but the results are usually somewhat low, a small 
amount of the ethyl iodide being probably reduced by the 
hydriodic acid. 

Substances which are volatile with steam sometimes give 
low numbers owing to oily globules sticking to the glass and 
not being washed down by the condensed water or acid ; this 
is obviated to some extent if the mixture of hydriodic acid 
and acetic anhydride is employed, as the acetic acid present 
dissolves the volatilized substance and carries it back into the 
hydriodic acid. 

Determination of the Nitrile (-CN) Group.—The 
nitrile is digested with hydrochloric or sulphuric acid, in a flask fitted 
with a reflux condenser, until it has been completely hydrolyzed. 
As most nitriles are insoluble in water, the completion of the 
hydrolysis is indicated by the disappearance of the layer of 
nitrile. * 


R.CN + HCl + 2HaO = R.COOH + NH,CI. 
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The product is then treated with alkali in excess, and the 
ammonia djstilled over into standard acid, as in the estimation of 
nitrogen according to Kjeldahl (see p. i68). 

Determination of the Amido (^CO.Nlfla) Group.— 
This may be carried out similarly to the determination of the 
nitrile group. Or the amido compound may be decomposed by 
heating mih a known amount of standard alkali, and titration 
of the excess of allcaU after all the ammonia has been driven off. 



CHAPTER XVI 


URIC ACID, 

NH-CO 

CO C-NHn. 

I I )C 0 . 

nh-c-nh/ 

Uric acid ,is a white crystalline powder, which is not appreciably 
soluble in cold, and only very slightly soluble in hot, water. It is 
insoluble in alcohol and ether. It possesses acid properties, and is 
soluble in alkaline liquids. Acids precipitate uric acid from solutions 
of its salts. 

1. Heated in a dry tube, uric acid is decomposed without fusion, 
but charring takes place. A sublimate containing cyanuric acid and 
other products is formed, and ammonia and hydrocyanic acid are 
evolved, 

2. Uric acid is soluble in cold concentrated sulphuric acid, and 
is precipitated again on the addition of water. On heating the 
solution, decomposition takes place after a time, carbon monoxide, 
carbon dioxide, and sulphur dioxide being evolved. , 

3. Muroxide Keacfcion.— Add a few drops of strong nitric acid to a 
little uric acid and evaporate to dryness on the water-bath. An orange 
or reddish-coloured residue is obtained, which, when cold, is coloured 
violet-red by ammonia, and violet or blue by sodium hydroxide, 

4. Dissolve a little uric acid in sodium carbonate, and put a few 
drops of this solution on to a filter-paper moistened with silver nitrate, 
A dark brown stain of reduced silver is formed. 

5. Uric acid reduces Fehlin^s solution on wanning for some time. 
A white precipitate of cuprous urate is first formed. • 

PYRIDINE, 

CH 

Hcl JcH 

Pyridine is a colourless liquid, with a penetrating and characteristic 
odour. Boiling point, 116® ; volatile with steam. It is miscible with 
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water in all proportions, and also with alcohol and ether. It fumes 
with HCl. It acts as a base, forming salts with acids. The aqueous 
solution is alkaline, and precipitates the hydroxides of metals such as 
iron, aluminium, and chromium from solutions of their salts. With 
copper sulphate it gives a pale blue precipitate, wHich dissolves in 
excess of pyridine, forming a deep blue liquid. Pyridine is not 
attacked by boiling nitric acid or chromic acid. * 

1. Pyridine dissolves in hydrochloric acid with the formation 
of the hydrochloride. This solution, since it contains a substituted 
ammonium compound, gives, with Morplatinic acid, an orange pre- 
cipitate of pyridine platinichloride. 

2CjH,N.Ha + HjPtCl, = (C8H.N.H)aPtCI, + 2Ha 

This precipitate Is soluble in hot water, and the aqueous solution, on 
long boiling, gives a yellow insoluble salt, (CeH5N)2PtCl4. 

2. As a tertiary base it combines readily wii methyl iodide. The 
reaction is brought about by gently warming a mixture of equal 
volumes of the two substances ; once the action has started it goes on 
vigorously. On cooling, the yellow crystalline methiodide separates 
out When the reaction is completed, add alcoholic potash, and warm 
very gently (the tube should just feel warm to the hand). A brown 
resin forms. Pour ofif the liquid and dissolve the resin in alcohol. A 
deep red solution is obtained, which is turned bright red by hydr<h 
chloric acid, and orange-red by acetic acid. 


QUINOLINE, 
CH CH 



H 


Quinoline is a colourless liquid with a peculiar and characteristic 
odour. Boiling poin^ 239° ; volatile with steam. The liquid -slowly 
bqpmes yellow on standing. It is only slightly soluble in water, 
but is miscible with alcohol and ether. Very hygjoscopic. It acts 
as a base and forms salts. It will precipitate the hydroxides of metals 
such as iron or aluminium from solutions of their salts. Quinoline is 
oxidized by boiling nitric acid or chromic acid. 

r. Chlorplatinic add gives a yellow precipitate of quinoline plalmi- 
chloride with solutions of quinoline in hydrochloric acid. The preci- 
pitate is soluble in hot water. 

2C,H,N.HC1 + HjPtCle + 2Ha 
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2 , Combines readily with methyl iodide. Potash does not form a 
resin {cf, pyridine). 

3. The bichromate is the least soluble salt of quinoline. It is 
formed by adding potassium bichromate to an acetic acid solution of 
quinoline, and shaking. A yellow crystalline precipitate is produced, 
which is soluble in hot water. 

2C,H,N.HC1 + K^CraO, = (CjH,N.H)jCrA + 2 KCI. 

Pyridine bichromate is too soluble to give a precipitate under these 
conditions. 


ALKALOIDS, 

The alkaloids comprise a laige number of compounds which are 
basic in character, and since they are obtained from plants they are 
knoNvn as vegetable bases.” This latter term is synonymous with 
the term "Vegetable alkaloid.” Only a few, such as piperidine,, 
coniine^ and nicotine are liquids, and these have unpleasant odours ; 
most of them are colourless, inodorous, crystalline solids. They have 
an alkaline reaction and a bitter taste. Most of them are insoluble, a 
few are sparingly soluble, in water, but they are more or less soluble 
in ether and readily soluble in alcohol. 

With acids they form salts which are readily soluble in water j 
solutions of such salts are precipitated by alkalies ; in some cases the 
alkaloid dissolves in excess of the precipitant, e,g, morphine in excess 
of caustic soda or potash. 

Most of the alkaloids are tertiary amines, so that they yield 
addition products with methyl iodide ; some of them are secondary 
amines, but no one of them is a primary amine. 

There are a number of general reagents for the alkaloids j the 
precipitates obtained are characteristic of the alkaloids as a class, but 
do not serve the purpose of identifying them individually. 

Some of these reagents are as follows : — 

I. Ckloroplatinicacid, Yellow precipitates of varying shades ; some 
crystalline and some flocculent. Some of the compounds are sparingly 
soluble in water, and some are rather easily soluble. They are not so 
readily obtained as the precipitates with the following reagents. 

3 . A solution of iodine in potassium iodide. Reddish-brown %r 
brown precipitates of the periodides. 

3. A solution of phosphomolybdlc acid in nitric acid gives light 
yellow or brownish-yellow precipitates. 

4. Potassium mercury iodide. White or yellowish-white pre- 
cipitates. 

5. Picric acid. Yellow crystalline precipitate of the picrates. 

Besides the general reagents there are a number of special reagents^ 

which give characteristic reactions with theindividual alkaloids. They 
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are colour reactions, so that they are most conveaientJy carried out on 
a white glazed tile, or in a porcelain dish, a veiy little of the allcaloid 
being takenj and only a drop or two of the reagent 

Erdmaniis reagititr^^vL drops of nitric acid of 1*25 sp, gr» are 
mixed with 100 c.c. of water, and 10 drops of this soJution are added 
to 20 grams of pore concentrated sulphuric acid. 

Frbhdds reag^nt—OM gram of ammonium molybdate in 100 c.c. 
of concentrated sulphuric acid. (This reagent gradually decomposes.) 

Mandelhis reagent — One gram of, vanadate of ammonium in 
100 C.C. of concentrated sulphuric acid. 

For carrying out a number of the reactions the free alkaloid is 
necessary. If a salt is given, the alkaloid may be precipitated by 
caustic soda or sodium carbonate. Morphine, however, dissolves in 
excess of caustic soda, so that ammonia should then be used as the 
precipitant Piperine generally occurs as the free alkaloid, since salts 
such as the hydrochloride are decomposed by water. 

The reactions for the following alkaloids will be given * 

Volatile alkaloids, possessing a characteristic odour, and con- 
taining no oxygen. Piperidine, coniine, 

Fixed alkaloids, containing oxygen. As a rule they are white 
crystalline powders, having a bitter taste (in most cases very 
poisonous) and no smell. Morphine, quinine, cinchonine, 
STRYCHNINE, BRUCINE, PIPERINE, CAFFEINE, THEOBROMINE. 


PIPERIDINE^ 


CH« 


CHg CH, 
CHj QHj 


NH. 


Piperidine is. a colourless liquid, with an ammoniacal and peppery 
odour. Boiling point, 105® It is miscible wth water, alcohol, e^er, 
and benzene in all proportions. It possesses an alkaline reaction, and 
a^orbs carbon dioxide from the air. It is a secondary base, and 
forms salts with acids. • 

1. Piperidine precipitates salts of sine and coppery but does not 
redissolve the precipitated hydroxides. 

2. Dissolves in hydrochioric acid with the formation of a hydro- 
chloride, and the solution gives a yellowish-red crystalline prec^itate 
with chlorplatinic add. The mixture may ne^d concentrating on the 
water-bath before the crystals (needles) appear. 

jQHliitHCl + H>,PtCI, = (C,H„N.H),PtCl, + 2HCI. 
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3 * As a secondary base it forms a nitrosamine with nitrous acid. 
i ne nitrosamme is a pale yellow liquid, and responds to Liebermann’s 
mtroso reaction. Carry out the test according to the iriethod given 
on p, 123 ; the nitrosamine remains in solution, since it is slightly 
soluble in water, •and must be extracted with ether. 

4, When methyl iodide is added to piperidine the reaction is very 
violent (ae violent as adding water to sulphuric acid), and the yellow 
solid methiodide separates out at once. 


C,H„N or 


CONIINE, 

CHa 

HjCj 

Hx! 


;CHa 

CH.CH2.CH2.CH3 

NH. 


Coniine is a colourless oily liquid, with a disagreeable, mouse-like 
odour; it is very poisonous. Boiling point, 166®. Volatile to some 
extent at the ordinary temperature, and also volatile with steam. It 
is only slightly soluble in cold water (i part in 100), but is still less 
soluble in hot water, so that a cold saturated solution becomes turbid 
on warming. It is miscible with alcohol in all proportions, and is 
readily soluble in ether. It is a very strong base, forming salts with 
acids, and precipitating most metals as hydroxides from their aqueous 
solutions. The aqueous and alcoholic solutions are alkaline. With 
the volatile acids coniine forms dense white fumes ; the smallest 
quantity of the base brought into contact with a trace of hydrochloric 
acid gives almost immediately non-deliquescent crystals of the hydro- 
chloride. 

1. A cold saturated aqueous solution of coniine becomes turbid on 
warming. The saturated solution is easily obtained tty shaking up a 
little coniine with water and filtering. 

2. To a solution of a coniine salt in water add caustic soda solution. 
The solution becomes milky owing to the liberation of the free baie, 
and at the same flme the odour of coniine becomes very pronounced. 
The base may be extracted with ether and obtained as oily drops 
by evaporating a little of the ethereal solution on a watch-glass. 

3. Mercuric chloride gives a white precipitate, which is soluble in 
hydrochloric add. 

4. Chlorine water fives a white precipitate, or produces a milki- 
ness, with aqueous solutions of coniine. 

3. Coniine and its salts are oxidized on warming with potassium 
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dichrmaU and sulphuric acid^ and the smell of butyric add is 
observed. 

6. If comine is added to a solution of alloxan^ an intense purple- 
red colour is developed on standing, and white needles separate out 
which dissolve in cold potash^ giving a purple solutioif* 


MORPHINE, 


Ci,H„NO,. 


Morphine crystallizes from dilute alcohol in the form of colourless 
transparent prisms, which contain one molecule of water ef crystal- 
lization. It melts at 247® with decomposition. It is only very 
sparingly soluble in water, ether, benzene, and chloroform, but more 
readily soluble in alcohol ; hot amyl alcohol is the best solvent. The 
solutions in alcohol, or in hot water, are distinctly alkaline. Morphine 
is a tertiary base, and as such, forms salts with acids, which are 
soluble in water and alcohol, but insoluble in ether. It is also a 
phenol, so that it dissolves in caustic alkali with the formation of salts, 
which contain one atom of the metal, and are decomposed by car- 
bonic acid ; it is only slightly soluble in ammonium hydroxide. Mor- 
phine is very readily oxidized. 

1. If caustic alkali is carefully added to the solution of a moiphine 
salt, the morphine is precipitated as a white crystalline powder, which 
is very readily soluble in excess of the precipitant. 

Ammonia produces the same precipitate, but it is only soluble In a 
large excess of the precipitant. 

Sodium carbonate also gives the same precipitate, but does not 
redissolve it when in excess. The solid atl^oid may thus be 
separated, and used for the following tests. 

2. Cold concentrated sulphuric add dissolves morphine, giving a 
colourless solution. On warming, a reddish or birown colour develops, 
which deepens on continued heating. 

If the solutidn in sulphuric acid is gently warmed for a short time, 
and then cooled, the addition of a drop oi?ni(ric acid or a ‘trace of 
potassium mtrdk produces a rich red colour, sometimes inclining to 
pftple. 

3. Strong nitric acid dissolves morphine, giving a yellowish-red 
colour. In dilute solutions the colour only appears on warming. 
Stannous chloride destroys the colour. 

4. A few drops (excess must be avoided) of neutral ferric chloride 
give a deep'blue coloration with solid morphine, or with concentrated 
solutions of morphine salts. The colour is destroyed by hydrochloric 
ociAk 

The ferric Qhloride is reduced to the ferrous state in this reaction, 
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so that the addition of pofasstum ferricyanidi gives a dark blue 
precipitate of TumbulPs blue, 

5, Morphine liberates iodine from a solution of iodic (iHd, In very 
dilute solutions the iodine may be detected with starch, 

6, Intimatelif mix i part, of morphine with 6 to 8 parts of cane 
sugar. Place a little of the mixture on a white tile^ and add a drop of 
concentrated sulphuric acid, A deep red colour is produced. 

When solutions of morphine salts are used, a little of the solution 
is saturated with cane sugar,^and a drop of the solution placed near a 
drop of sulphuric acid on a white tile ; on tilting the tile the two drops 
mix and the colour is produced, 

7. The yellow precipitate produced by phosphomolybdic acid is 
dissolved,by ammonia,^ giving a deep blue solution. 

8. Frokde^s reagent gives a violet-red or purple coloration, which 
becomes green under the action of the air. 


(QUININE, 


• Quinine is precipitated by alkali from aqueous solutions of its salts 
as an amorphous and anhydrous mass, which, however, soon changes 
to the crystalline condition, forming a hydrate with three molecules 
of water of crystallization. Anhydrous quinine may also be obtained 
crystallized in the form of small needles. The trihydrate melts at 57° 
and the anhydrous substance at 173®, Quinine is only sparingly 
soluble in water, but fairly soluble in alcohol, ether, benzene, and 
chloroform. The solutions react alkaline, have an intensely bitter 
taste, and are laevorotatory, 

Quinine is a tertiary, di-acid base, and forms salts with acids (the 
sulphate is the most common). Most of these salts are crystalline 
solids, sparingly soluble in cold, more easily in hot, water. The 
solutions of salts of oxygen acids, especially sulphuric acid, have a 
blue fluorescence.' ^ 

1. From solutions of quinine salts, caustic soda^ ammonia^ ahd 
normal carbonates give a white amorphous precipitate of the free 
alkaloid, On heating and cooling, the amorphous mass is changed 
to crystalline neAiles, 

2. Cold concentrated sulphuric acid dissolves quinine, giving a 
colourless solution. On wanning, the solution gradually turns yellow, 
and then brown. If the cold colourless solution is diluted by pouring 
into water, or, better, if quinine is dissolved in dilute sulphuric acid, 
a blue fluorescence is observed, 

3. Strong nitric add dissolves quinine, giving a colourless solt^on, 
which is turned yellow pn warming. 
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4. To the solation of a quinine salt add about one-fifth of Its 
volume of good Shrine water^ and then ammonia in excess. An 
intense gredh colour is produced. 

If, after the addition of the chlorine water, a few drops of freshly 
prepared potassium ferricyanide solutioq are addedfand then a few 
drops of ammonia^ a rich red colour is produced, which rapidly 
changes to a dirty brown. « 

5. Mandelin's reagent gives no colour until a drop of nitric acid is 
added, when a violet coloration is obtaingd. 


CINCHONINE, 




Cinchonine crystallizes from alcohol in anhydrous prisms, which 
melt at 25 5^ It is almost insoluble in water and the alkalies, slightly 
soluble in ether, chloroform, and benzene, and fairly soluble in hot 
alcohol. The best solvent is a mixture of alcohol and chloroform, 
in the proportion of i : 6 by volume. The solutions taste bitter, and 
have an alkaline reaction. 

Cinchonine is a tertiary, di-acid base, and its salts are generally 
more soluble than those of quinine. It is distinguished from quinine 
by the fact that it gives no colour reactions with chlorine and 
ammonia, and, inoreover, it is dextrorotatory. 

1. Caustic soda, ammonia, and sodium carbonate precipitate cin- 
chonine as a white precipitate from solutions of its salts. The 
precipitate does not show a distinctly crystalline character, even when 
magnified two hundred times. 

2. Concentrated sulphuric add dissolves cinchonine, forming a 
colourless solution in the cold. On warming, it becomes yellow, then 
brown, and finally black. The diluted colourless solution shows 
hardly any fiuorescence. 

3. Strong nityic addgWt^ no characteristic reaction. 

4. Chlorine water and ammonia give no green coloration, but a 
white, or yellowish-white, precipitate. 

5. Potassium f err ocyanide, wit^ solutions of cinchonine salts which 
contain little or no free acid, gives a flocculent i^recipitate of cin- 
chonine ferrocyanide. On adding a slight excess of the ferrocyanide, 
and wanning gently (do not boil), the precipitate dissolves; but deposits 
out again on cooling in the fo^ of golden-yellow crystals. (This is a 
characteristic and delicate reaction.) The precipitate obtained with 
quinine under the same conditions is also soluble in excess of the pre- 
cipjmnt, but does not crystallize out again on cooling. 

6. Mandelifis reagent gives no colour until a drop of nitric acid is 
added, when a violet colour is obtained. 
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STRYCffNINEy 

Strychnine crystallizes from alcohol in the form of prisms which 
melt, with decomposition, at 269®. It is almost insoluble in water, 
absolute alcohol, and ether ; sparingly soluble in dilute alcohol, and 
readily soluble in chloroform* ’ 

It is a tertiary base, giving an alkaline reaction, and the salts are 
soluble in water and alcohol. 

1. Caustic soda and sodium carbonate give a white precipitate of 
strychnine? from solutions of its salts; the precipitate is insoluble in 
excess. 

Ammonium hydroxide precipitates strychnine, but the precipi- 
tate is soluble in excess of the precipitant j after a short time, however, 
the strychnine crystallizes out from the solution in the form of silky 
needles. 

2. Dissolve a crystal of strychnine in a few drops of concentrated 
sulphuric add in a porcelain dish. No colour is produced. Now rub 
into the solution a crystal of potassium bichromate; a blue or violet 
colour is produced, which quickly changes to red, and then reddish- 
brown. Other oxidizing agents, such as potassium ferricyanide and 
lead peroxide^ produce similar colours, but the reaction is less rapid. 

3. Concentrated nitric add dissolves strychnine, giving a colourless 
solution ; on warming, a yellow colour is produced. 

4. Mandolines reagent gives a fine blue coloration, which soon 
turns to violet, and lastly- to red, or reddish-yellow. If a few drops of 
a solution of caustic potash or soda are added as soon as the red colour 
appears, a permanent rose-red colour is produced. (The presence of 
other alkaloids does not affect this reaction at all, or only to a slight 
extent*) 


BRUCINE, 

Brucine crystaJlizes in prisms containing four molecules of water of 
crystallization ; the crystals melt at 178® when dry. It is sparingly 
soluble in cold, but more readily in hot, water ; it is readily soluble in 
alcohol (both absolute and dilute), hot amyl alcohol, and chloroform, 
but is practically insoluJ)le in ether. 

It is a tertiary base, and forms salts, which are readily soluble in 
water. . ^ 

I. Caustic soda and sodium carbonate give a white precipitate of 



2o8 Organic Chemistry 

c 

brucine from solutions of its salts, insoluble in excess. The precipitate 
is amorphous at first, but it suddenly changes to the crystalline form 
(needles). ' 

Ammonium hydroxide gives a similar precipitate, but while it is in 
the amorphous conditidn it is soluble in excess of the precipitant ; after 
a short time the brucine crystallizes out from the solution in the form 
of needles. 

2. Concentrated sulphuric acid dissolves brucine with t&e forma- 
tion of a rose-red colour, which slowly turns yellow. If the sulphuric 
acid contains nitric acid (use Erdmands reagent) a red colour is 
produced, which changes to yellow. 

3. When treated with a. little strong nitric, acid^ brucine gives an 
intense red colour, which turns yellow on warming. If the “yellow ” 
solution is diluted with water, and then a few drops of stannous 
chloride added, an intense violet colour is produced. 

4. Mercurous nitrate gives a colourless solution with brucine. If 
this solution is heated on the water-bath, a carmine colour gradually 
appears, which slowly increases in intensity. 

5. Mandelids reagent gives a yellowish-red colour, which quickly 
changes to orange, and finally disappears. 

. 6. Frohdds reagent gives a light red colour, which changes to a 
reddish-brown. * 


PIPERINE, 


C„H,»N 03 . 

Pipepi crystallizes in prisms, which melt at I28®-I29*. It 
possessw a^ungent fragrant odour of pepper. It is almost insoluble 
in 09ld but soluble in alcohol and ether. It is a very 
weak not i^^kaline, and is insoluble in dilute acids and 

alkdics, , ' It i^solul^l^ncentrated acids, forming salts, which are 
decompoii^ fey wa^^^pe platinichloride, how^r, is not (kcom- 
posed, evral by hot hydrolysis with alcoholic potash, pterin e 

is spl^ up intapiperidihe^d piogBc acid. 

1. Concentrated flp gives a blooS-red solution ; the 
colour rapidly changes to brown, finally becoming l^lack, especially on 
warming, 

2. Concentrated mtrumKd gives a greenish-yellow feolour, . 
changing to red. 

3. ErdmandSf Frohdds^ and Mandelitis reagents each give the 
same rf^rion as with concentrated sulphuric acid alone. A yellowish- 
rt^Gtdottr is produced, which changes to red, then brpwn, and finally 

black. 
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CAFFEINE^ 'OR THEINE^ 


CHs^N-CO 


CHs-N 


0 C-N(CH,) 

-Ln^CH 


Cafifeine crystallizes from hot water in long silky needles, with one 
. molecule of water of crystaUization. In the anhydrous condition it 
melts at «« -235 i « sublimes and distUs without decomposition. 
It IS only^ightly soluble in cold water, alcohol, and ether, but fairly 
soluble in hot water, chloroform, and benzene. It is a weak base, with 
neutral reaction, the salts being decomposed (hydrolyzed) by water, 
le , The long, silky needles are very characteristic. 

2« Moisten with chlorine or bromine water^ and evaporate to dry- 
ness on the water-bath ; a yellow residue is left, which becomes red on 
further heating^^nd is turned purple by ammonia, (Murexide reaction, 
uric acid.) 


3* Evaporate to dryness on the water-bath with dilute hydrochloric 
acid and a fragment of potassium chlorate; a pink residue is left, 
which turns violet on the addition of ammonia, 

4 . Caffeine gives a yellow precipitate with phosphomolybdic acid, 
but no precipitate with a solution of iodine in potassium iodide. 


THEOBROMINE, 


HN~-CO 
c!o (!:-n(ck 

Theobromiiie crystallizes in microscopSffidles, whieff are only 
slightly solubk in hot water an^jlcohol « almost insoluble in 
ether. It sublimes, without at 29(jS!|a95®. It is a" weak 

bas^ and react? neutral ; its salts are decomposed by water. It 
possesses add ppperties towards alk^g, 

1 . Theobromine givM the mural^lljkreaction with chlorine or 
' bromine water {(f, caffeine). 

a. With cold sattimted aqueous solutions of theobrpmine, ammo- 
niacal silver nitrate gives a gelatinous precipitate, which issolves 
on warming, and deposits on boiling, the crystalline silver salt 
(C,H,AgN 40 J. 





CHAPTER XVII 


SCHEME FOR THE IDENTIFICATION OF AN ORGANIC 
COMPOUND 

The compounds may be chosen from the list of substances given 
for Part L (p. 73), and also from the following : Benzene, 
naphthalene, anthracene, phenol, aniline, benzoio acid, 
salicylic acid, benzaldehyde, and Jiheir most prominent 
chlord-, bromo-j and nitro- derivatives ; uric acid, pyri- 
dine, quinoline, morphine, strychnine, quinine, cincho- 
nine, coniine, pipeline, piperidine, caffeine, and theo- 
bromine, The student may also be required to refer, 
without identiflcation, unknown compounds to one or 
other of the following classes: (1) alcohols, (2) alde- 
hydes, ( 3 ) acids, ( 4 ) ketones, (6) amides, (6) amines, 
(7) esters, (8) phenols. 

In the following scheme it is assumed that the substance under 
examination is not a solution. If a solution is suspected, it must 
be tested for as given in the scheme for Parti, (p. 75). Only 
the more commonly occurring substances are considered, and 
since it is not possible, in the space at our disposal, to give the 
special tests for compounds not previously dealt with, the student 
should always have a good text-hook of organic cJitmisiry at hand, 
for reference. | 

't 

I. The obvious properties of the substance should 
first be particularly noted. 

A. Colour.— The chief classes of coloured compounds are : 
Nitro-compounds (generally pale yellow), axocompounds 
(strongly coloured), quinones (generally yellow), p-nitroso 
dialkylaniMes (green), feno- and ferri-cyanides. (Re- 
member that iodoform is yellow, and may be recognized 
by the smell.) 



213 Organic Chemistry 

B. state of Aggregation*'-^ 

^Liquid . — Lower hydrocarbons ; most alcohols ; ethers; 
esters ; nitril^ ; mustard oils ; aldehydes j ketones. 

IBgher hydrocarbons, alcohojjs, etc.; most 
acids j sulphonic acids ; salts ; sugars ; quinones ; amides ; 
anilides ; phenols (exce^Jt carvacrol). , 

C. Odour.— Most liquids have an odour/ most solids are 

inodorous. « « 

(i) Liquids with no odour , — Polyhydric alcohols (glycol, 
glycerol). Some esters — derived either from hydroxy acids or 
polyhydric alcohols, eg esters (rf glycerol and of tartaric acid. 
Such compounds are viscous, 

As the number of inodorous liquids is limited, a liquid with no 
^ smell should be heated with KOH and tested as for esters (p. 226), 
then for glycerol, etc. 

.(2) liquids with more or less characteristic odours. — Hydro- 
carbons, aliphatic and aromatic; haloid derivatives; nitriles; 
mustard oils; monohydric alcohols ; ethers; aldehydes; ketones; 
acids; acid chlorides and anhydrides; most esters; nitro-com- 
pounds; amines; alkaloids. ^ 

In many cases the actual compound may be detected. 

(3) Solids possessing an odour, — (Note,— The majority of 
solids are inodorous.) Some common solids possessing odours 
are: Naphthalene; chloral hydrate; quinone; jS-naphthylamine ; 
acetamide; iodoform; many phenols, and other simple substituted 
benzene derivatives, 


IL Heat a small portion of the substance on platinum 
foil. Note odours evolved, and, if a solid, whether the substance 
chars with or without melting; also whether the substance burns 
with a smoky 6ame. 

Characteristic odours from tartrates, citrates, sugars, starch, 
alkaloids, etc. < ^ 

Substances such as starch, uric acid, oxamide, succinamide, 
sulphonic acids, char without melting. 

Smoky flame generally indicates an aromatic compound, 

A residue indicates a metallic derivative (salts, bisulphite 
compounds of aldehydes and ketones, eta). Test whether the 
residue is — 
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{d) barhonaky oxide^ or metal— horn salts, including phenates 
and amido metallic derivatives, 

ip) Sulpkak—iitm eg, salt of ethyl sulphuric acid. Some 
sulphate may be reduced to sulphite or sulphide. 

(r) Stdpiiif—ftom bijulphite compound of an aldehyde or 
ketone I from sulphonates. 

(d) Cyanide-^ltom ferro- and ferri-cyanides, and cyanides of 
the alkali and alkaline ear^th metals. 

Ill, Test the^>^Jubility in water, and at the same time 
the reaction to litmus, according to the method given in the 
scheme«for Fart I.»(p. 75) ; distinguish between acid and alkaline 
reactions due to the free acids and bases respectively, and those 
due to hydrolysis of salts. ^ 

Negatively substituted phenols react acid. 

The salts of aromatic amines react strongly acid in solution j 
the free base is liberated when caustic potash is added, and 
separates out, since aromatic amines are insoluble, or only very 
sparmgly soluble, 'in water. Thd salts of phenols are alkaline in 
■solution. 

Some acids, eg. anthranilic acid, are practically neutral to 
litmus. Their acid character, however, is shown by the fact that 
they readily dissolve in NaOH, even when they are only sparingly 
soluble in water. They are also soluble in NoaCOi, liberating 
COa from warm solutions. 

The majority of organic compounds are insoluble in water. 
Aliphatic compounds are, as a rule, more soluble than aromatic. 

Soluble.— (If salts are excepted, solubility generally indicates 
the presence of - OH groups.) 

(1) AHpAadc.— Lower alcohols (n-butyl alcohol, 1 : lo); 
lower aldehydes; lower ketones (acetone); Ipwer monobasic 
acids; polybasic acids; substituted acids; carbohydrates (except 
starch, cellulose); lower amines and amides; methyl and ethyl 
acetates (s.s.^) ; methyl oxalate; urea and alkyl ureas ; thiourea ; 
glycerol; chlAal and chloral hydrate, 

(2) Aromatic,— Volyhydnc phenols, the solubility increasing 
with &e number of hydroxyl groups; amino-acids (some are very 
sparingly soluble, eg. amino-benzoic acids); sulpbonic acids (a 
number are only sparingly soluble, eg. sulphanilic acid); nitro- 
phenols (some are almost insoluble^ but the aqueous solution is 

' S.S. = sparingly soluble. 
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sometimes distinctly coloured); pyridine; coniine, piperidine, 
etc. » 

(3) either of acids with metals (including NH*), or of 
bas^ with acids {HCI, HjS04, etc.). 

Thew are all solid, and generally-decompose* without melt* 
ing on beating. 

Nom— Add chlorides and acid anhydrides are* decomposed more 
or less quickly by water, especially on ^arming. The acid formed 
may be soluble or insoluble. 

IV, Solubility in Ether.— Most organic compounds are 

soluble in ether. ^ ^ 

In 5 oluhle.~-%^\&, Polyhydroxyl compounds, glycerol, 
starch, tartaric acid, etc. (Thus, |jlycerol is ^ precipitated from 
e alcohol by ether. This insolubility in ether is sometimes very 
useful, as the reactions of such substances a& glycerol are often 
rather indefinite.) 

V. Heat with an excess q||oda-lime in an ignition tube. 

(^) Ammonia, or amines (in- Most N-compounds give off 

flammable) evolved. * ammonia. Amines from salt 

t of an amine. 

{b) Hydrogen evolved . . Formate, oxalate. 

(c) Hydrocarbon evolved From carboxy acid, or salt of 
add (eg, CH4 from acetates, 
CjH* from succinates, CgH, 
from beitzoic acid), 

{d) Smell of a phenol • • From hydroxy acids (aromatic), 
such as salicylic acid and their 
salts. 

(e) Smell of burnt sugar * . Carbohydrates ; acids, such as 
tartaric, citric, eta 

VX. Warm with concentrated NaOH. See table in 
5cb<mie for Part L, p. 80. In addition to 

(a) Arotnatie amines are liberated from their salts, and form 
an oily layer, or else precipitate out as a solid. (The aniline 
is only set free from anilides after very prolonged beating.) 
p-nitroso-dialkylanilioes give off aliphatic amines. They are 
distinguished from salts of amines by their characteristic green 
colour. 
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{b) Alkaloids are precipitated from solutions of thehr Saltf^ 
(Morphine is soluble in excess^ » 

‘(^) Adds and phenols dissolve, and are reprecipi^tcd by the 
addition of HCI, (N.B. — In some cases the reprecipitation takes 
place only from concentrated solutions,) Some phenols are not 
repreci^itated by HCI {eg. pyrogallol). Also, HCI does not 
precipitate soluble adds from solution. 

(d) The charkteristic^smell of esters is removed after boilingi 
for a time, 

VII. Add cold concentrated HaSO^, and warm. See 
table iif scheme ft* PartZ, p. 82. Also note, in addition— 

(a) Saturated and aromatic hydrocarbons and their halogen . 
derivatives do not dissolve. ^ 

{b) Alkaloids, ^lyphenols, phenolic iicids, etc., blacken. 

VII I. Test for the ElemeirtB Halogehs, S and P. 

(C and H are rarely tested for. - 

Note.— N itro-cbmpoun4s— indicated by a yellow colour— must 
be carefully handled in carrying out the test with sodium. If is 
sometimes difficult to get the’nitrogen tist satisfactorily. 

In carrying out the tests where sodium is used, some con- 
clusions may often be drawn from the natme of the reaction. 

No marked Hydrocarbons, pure ethers, etc. 

Vigorous acHon.-^hdid&i phenols, alcohols, »etc* 

IX. Sulphur present— We have the following possi- 
bilities : Mercaptans ; thioethers ; thiocyanates; mustard oils ; thio- 
urea and tiiiocarbanilide; sulphonic acids qpd salts; alkyl 
sulphates ; sulphates of amines j bisulphite compounds of aldehydes 
or ketones. 

A. Odour.— Mercaptans, thioethers, and mustard oils are 
Immediately distinguished by their smell. The first two will not 
be dealt with (occurrence improbable), 

Mustard Also contain N, On heating with yellow 
HgO, formation of black HgS and disagreeable odour of isocyan- 
ate. On wannit^ with aniline a thiourea is formed ; recrystallize 
and take melting point for identifiation. 
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B. Wo Odour,— -Treat with water. 


(i) Soluble, 

Add BaCl, to the solatlon. 


Ppt, of BaSO^. No ppt, 

&om • ( 

Sulpkaie of Amine, Boil with diluie HCl 

Identily the amine. (notice sm^), and 

s^d BaCl,. 


Smell ofSO|. 
Bisttiphik compound 
ofaldehydeor ketone. 
Identify the aide- 
b;^de or ketone. 


White ppt. of BaSOi 
from 

AV^l sulphate. 

Find the metal and 
the natnre of alkyl 
group (by 
cation and illation 
of the alcohol). 


' ^’No smell and no ppt 
SuJpkoftaie 
or, 

Free sulpkonie oeid. 
Test for metals and 
for acid reaction. 
Fuse with KOH, 
and idoitify the 
— 0 FI compound 
(see p. 224). 


• (2) Test for iMo^hanilide (vide p. 98). 

C. Apply special tests for mocyanaks. It is only necessary to 
test for inorganic salts; esters iare not probable. 


D. Test specially for tlhourea. The melting point of the pure 
substance is 169^ (see p. a). Melt a little of the substance in 
a test-tube, and keep at the melting point for one minute. Cool, 
dissolve in water, acidify w^th HCl, and add FeCl,. Blood-red 
coloration, due to formation of ammonium thiocyanate. 

Note.— T his method of classification is used to determine the 
form in which the S is present. Other elements, in addition to C, H, 
and 0, may have been indicated in the preliminary tests, in which 
case further tests, as given under X. and XI., must be applied. 


X. Halogens present. — There may possibly be present : 
Haloid acid salts of amines; acid chlorides; halogen substituted 
acids; halogen combined with (a) an aliphatic, radicle, (b) an 
aromatic radicle. 

Note the odour carefully. 


A. Pronounced odour. 

(a) Pungent; an add chloride, (Acetyl and benzoyl 
chlorides are the two common ones.) On treat- 
ment with water, HCl is liberated (test with 
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AgNOj). Hydrolyze, and identify the oiganic acid 
formed. Also prepare the anilide with aniline, and 
take the melting point. 

(h) CJdoral (liquid) or chloral hydrate Special 

tests p. 39. * 

» 

B. Pungent odour of acetic acid, especially on warming. 
Soluble in water. Chloracytic adds. Identify as on p. 43. 

C. Liquid or tolid, with a more or less characteristic smell 

Insoluble in water. 

• (i) Digest with alcoholic potash' (reflux) for some 
time. Acidify a portion with HNO, and add 
AgNO,. 

{a) Precipitate of Halogen attached to aliphatic# 
silver halide. radicle. 

(b) No precipitate Halogen attached to benzene 

ring. Identify by boiling 
point or melting point 

(2) If the substance responds to (i) (a), make special 
tests, as follows 

(a) Iodoform, Yellow solid. Tests, p. 39. 

(^) Chloroform and hromoform leave a formate in 
solution, after digesting with KOH. Test for 
CHClj,p.38. 

(c) Carbon tetrachloride^ Boiling point 77^. Gives 

the isonitrile test only after prolonged boiling. 
Is readily reduced to CHC 1 » by Zn and HCl, 
and then gives the isonitrile test immediately. 
{d) Digest with aqueous KOH under reflux. 

Methyl bromide and iodide gpv« methyl alcohol. 
Ethyl bromide and iodide give ethyl alcohol^ etc. 
AUyl derivatives give allyl alcohol (Smell.) 
Confirm by decolourization of solution of 
Brin cell, 

(e) The substance may be an aromatic compound 
with the .halogen in the side chain. 

The only common ones are benzyl and benzol 
ddorides. The former boils at 178® and yields 

* The solution of potash should be tested for chloride before being used. 
1 'his also applies in D {^), 
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benzaldehyde only after very prolonged boiling 
with HgO and. Pb(N03)!,. It has an odour 
somewhat resembling mustard and cress, and 
is initating to the eyes. The latter boils at 
204®, and fumes in the air. A^d one drop to 
a solution o£ potassium carbonate and boil; 
when the pungent odour has disappeared, the 
odour of benzaldehyde is apparent. 

D. The substance is solid and has no odour. Soluble in 
water, 

(rt) Solution gives an imme- Haloid add 

diate precipitate of chloride) of a base, 
the silver halide. 

{b) Boil with KOH, acidify with HNOg, and add AgNOj. 
Precipitate probably indicates the salt of a substituted 
fatty add. The chlordceiic adds are the only common 
ones. Apply special tests (p. 43). 

, XI. Nitrogen present.—We have the following possi- 
bilities ; Ammonium salts, amides and nitriles of organic acids ; 
free aromatic amines and salts of aliphatic and aromatic amines 
(primary, secondary, and tertiary); anilides; amino-adds; nitro- 
derivatives; (hitroso-derivatives) ; cyanides; mustard oils; azO' 
compounds ; esters of nitrous and nitric adds ; pyridine, quinoline, 
mid the alkaloids ; uric acid. 

A. Odour.— 5 uch substances as acetamide, nitrobenzene, mus- 
tard oils, pyridine, quinoline, coniine, and piperidine are indicated 
by their characteristic odours. 

Hydrolyze with KOH. Ammonia evolved and 
acetate formed. • Melting point 82°. 

Nitrobenzene *-— with Sn and HCl, and test for aniline 
by isonitrile test and diazotization (p, 108), 

Mustard Sulphur present besides nitrc^ep. See IX. A. 

Pyridine^ Quinoline, Coniine, and Piperidine are all liquids, and 
give the general tests for the alkaloids. Their smells are charac- 
teristic. Apply spedal tests, 

B. Colour.— 

(df) Red, orange, or yellow solid. Azo-tompounds* Reduce 
|||r hot SnQs, and identify the amines. 

{J>) Green., Nitroso-dialkyknilims* Confirm by solubility in 
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HQ (yellow solution) and by action of hot NaOH, which gives a 
reddish-brown liquid, containing the Na salt of p*nitrosophenol, 
and a di-alkylamine is evolved (smell). The nitrosophenol may 
be confirmed by Liebermann's reaction, 

(c) Colourl^s, or only f>ale yellow. 

(a) Shake with concq;atrated HCl ; ^ filter if neces- 
sary^ and add dilute NaOH to the filtrate. 

(i) Original substance is reprecipitated (as liquid 
or solid). Aromatic amine (primary, seqond- 
ary, or tertiary), pyridine^ quinoline, or alkor 
loids, except caffeine* and theobromine, 
(Morphine is readily soluble in excess of 
NaOH. Repeat the test, using NH4OH to 
distinguish morphine.) Distinguish according 
to the following table (pyridine, quinoline, 
coniine, and piperidine have already been 
identified) 



Primary amine. 

Secondary amine. 

Tertiary amine, 

Alkaloid- 

Add dilute HCl 

Dissolves 

Dissolves 

Dissolves 

Dissolves 

DU. HCl 

No change 

Oily ppt. (solid 

Most are unal- 

No change 

+ NaNO, 

(other than 
effervescence } 
unless very 
dilute and 
well cooled) 

for some). 
Extract with 

1 ether ; free 
from HNOj 
by NaOH, 
and apply 
Liebermann's 
nitroso test ' 

tered, but di- 
alkylanilines 
give a yellow 
solution. 
Cold NaOH 
' gives a green 
ppt. of the 
para -nitroso 
base. Extract 
with ether to 
perceive the 
green colour 

Pour the diaza- 
tized solution 
into alkaline 
jS-naphtbol 

Red ppt. A 
red solution 
indicates an 
acid group in 
the aniline 


• 

No red dye 


Identify the amines by boiling point and melt- 
ing point (if solid) and preparation of deriva- 
tives (Schotten-Bauniann reaction for primary 
and secondary). Apply special tests for the 
alkaloids. 

• It may be advisablf, in doubtful cases, to repeat the above test with warm, 
dilute HCl instead of concentrated HCl, and then to add warm NaOH, since 
some amine hydrochlorides are very sparingly soluble in concentrated HCl. 

* If the solution is fairly concentrated, caffeine will also separate out. 
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(2) No precipitate. Aromatic amines and alka- 
loids absent (Make sure that morphine 
is absent by repeating the test, using 
NH4OH, instead of NaOH.) Proceed 
as in (j 3 ). • 

(/3} Warm witli cosicentrated KaOH. 

(j) Ammonia eyolved from ‘ammonium salts, 
amides, nitriles, pea and its salts. 

Ammotdum salts give the smell of NHj in 
^e cold with NaOH; also NHj is readily 
evolved on heating with a solution of 
NaaCO». Identify the acid by special tests. 

Amides ,— is only slowly evolved on 
heating with a solution of NaaCO,. On 
boiling wi^ a suspension of freshly pre- 
cipitated mercuric oxide in water, a soluble 
Hg salt is formed. Filter, and test for Hg 
in the filtrate with HgS. Confirm by taking 
the m.p. of the original solid, and by 
hydrolysis to the acid. 

mtriks, — NH3 is only slowly evolved on warm- 
ing with NaOH. Digest with iriHsSOi 
(by vol.) under reflux until the nitrile 
disappears. Make alkaline with NaOH, 
and warm ; NHj evolved. Residue in the 
flask is tested for the acid. 

On treatment with Na and absolute alcohol 
the amine is formed. 

Urea and salts , — Apply special test for urea. 
If a salt of urea is present, shake up with 
aqueous alcohol and excess of solid I^COj. 
Separate off alcoholic layer, evaporate on 
water-bath, and apply tests for urea to the 
residue. 

\2j Alkylamine (fishy odour) evolved from salt a/ 
aliphatic amine (the salt is soluble in water), 
or possibly from p-nitrosodialkylanilines (see 
p. 138), Test whether primary, secondary, 
or tertiary amine (p. faa), and identify by 
preparation of the platinichloride and 
determination of molecular weight. If 
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uncertain as to whether fatty or aromatic 
amine, try, the diazo reaction. 

(3) Aromatic amine is liberated as solid or liquid 
, from a salt of aromatic amine* (The salt is 

soluble in water,) Proceed as in («) (i). 

(4) The substance is insoluble in water, but on 
• boiling with NaOH the odour of an alcohol 

is perceived. Ester of nitrous add} Pro- 
ceed as with esters, XIII. G. 

(5) The substance is insoluble in water, and only 

after long boiling with NaOH is the 
aromatic amine liberated. Anilide, Hydro- 
lyze with I : (see p. 95), and identify 

the aniline and acid. 

(6) The substance is more or less yellow, and 

NaOH has no action. Probably a nitro- 
compound} Reduce with Sn and HCl, and 
test for primary amine. 

(7) Apply special tests for phenylhydrazine^ eg. 

reduction of Fehling’s solution and the 
formation of benzaldehyde - phenylhydra- 
zone (see p. 118). 

(8) Amino-adds do not evolve NHj on treatment 

with NaOH, and must therefofe be specially 
tested for. Owing to the fact that they 
contain both basic and acid groups, they 
are practically neutral to litmus, Nitrous 
acid converts the -NHa into the -OH 
group, nitrogen bemg evolved. The acids 
thus formed may then be identified j eg* 
aspartic add and asparagine ^ve malic 
acidj anthranilic acid gives salicylic add, 
and so on. 

Test specially for glydsie (aminoacetic add) 
and hippuricadd (benzoyl aminoacetic add). 
Glydne, heated with soda-lime, gives methyla- 
mine.. Freshly precipitated copper oxide 

* Esters of nitrU aqd do not saponify in the nonnal way ; the alcohol is 
always oxidized by the -NO, on hydrolysis. 

• Trimtrobcazcne, trimtrotoluene, etc., are readily soluble in NaOH and 
precipitated by add. 
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dissolves) giving a deep blue solution. Melts 
with decoihposition at 232® 

ITippuric acid^ on digestion with strong HCl 
(reflux), ^ves benzoic acij and glycine, 
which may be s^arately tested for. Melt- 
ing point’iS;®. 

(9) Apply special tests htunc add^ cajfdne^ 
and iheobromim^t^ 

Notes.— I, If the salt of an amine is found, test for chlorides, 
sulphates, nitrates, etc., in the ordinary manner. 

11 . The substance may belong to more than one class of com- 
pound ; eg, it may be a substituted acid (nitro or amino), a xiitramihe, 
etc. The groups must then be separately identified, eg, in nitraniline 
the amino group is identifled by diazotization, etc. It is then destroyed 
, by warming with nitrous acid, giving a nitro-phenol, in which the 
nitro group may be detected by redaction wiA Sn and HCl, etc. 

Nitro^henols are characterized by flieir acid reaction and the*deep 
colour of their salts, and must be specially tested for. 

XII. Hydrocarbons.— These have been indicated by— 
(i) Unacted upon by NaOH, soda-lime, and Na (in testing for 
elements) j (2) very stable towards concentrated HjS04; (3) in- 
soluble in water; (4) only C and H found among the elements 
(0 cannot be tested for). 

To distin^h between aliphatic and aromatic hydrocarbons 
try miraiton with HNO| alone, or, if necessary, with HNOjand 
HjSO*. 

(^) BTitratioii ooovaB,->~Aromaiic hydrocarbon. 

Confirm by isolation of the nitro compound, reduction- with 
Sn and HCl and diazotizatioft of the amine. 

Identify benzene derivatives with side chains by oxidation to 
benzoic add with dilute HNO, (see pp. 108, 109), 

Test specially for benzene and homologues, naphthalene (p. 
129), and anthracene (p. 134). 

(if) Kitration does not occur.— .j^/^to/irhydjpcarbon. Test 
whether saturated or unsaturated, by Br dissolved in CCl^. f The 
only unsaturated aliphatic hydrocarbon likely to be imet .^ith is 
amyUne, 

XIII. C, H, 0 present. 

Note.— The presence of an -*011 is oftMlii^icated by the 
solubility of the substance in water, since hydrocarbons are insoluble. 
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The following classes of compounds are possible \ Alcohols ; 
aldehydes; ketones; acids; phenols; ethers; esters; acid an- 
hydrides ; carbohydrates. 

A. Acids Mid Salta (including acid anhydrides).— These have 
already ^been indicated, by IL, UI,, and VL (Sulphonic acids 
have been dealt with under IX. B ; nitro-phenols have also been 
indicated.) The free phenols (unsubstituted) are jpst perceptibly 
acid to sensitive litmus, and in most cases are distinguished by 
their smell; the salts of most phenols are distinguished from acid 
salts by being decomposed by COj. 

Make use of the acid table given in scheme for Stage I. In 
addition, note the following 

(a) If it is the free acid and is liquid, note the smell, especially 
on warming. Protonic and butyric acids may thus be detected, > 

ip) If a salt of an acid (only the Na, K, and NH4 salts are 
taken into consideration ; if the salt of a heavy metal, 
the Na salt must be prepared as on p. 84), dissolve in 
water, and add dilute H2SO4 in excess. 

(1) Oily precipitate: Butyric acid^ valeric add^ oleic 

acid^ etc. 

(2) Precipitate which melts in boiling water, forming 

an oily layer, which is lighter than water. 

Palmitic^ steariCj and oleic acids. • 

(3) Precipitate consisting of an aromatic acid. Befizoic, 

sciUcyliCi cinnamic^ and phthalic acids. 

(4) No precipitate^ but smell of volatile acid on 

warming. Formic^ acetic^ and propionic acids. 

(5) No precipitate and no smell on warming. Extract 

with ether and evaporate. Residue indicates ; 

MaloniCj succinic^ or gallic acict 

(6) If (i)-(5) give no indications, try the action of 

CaCi and FeCli on the neutral solution, test- 
ing specially for oxalic^ tartaric^ citric^ moBCy 
* lactiCt and tannic acids. 

Unaaturated Acids.— Of the acids which have been men* 
tioned above, oleic and cinnamic acids are unsaturated, as may be 
shown by heating with bromine or alkaline permanganate. (The 
student should bear«in mind, however, that these tests are not a 
sure sign of an unsaturated compound. Thus, bromine is instantly 
decolourized by amines, aldehydes, ketones, and phenols, in some 
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cases a precipitate bdng formed. Also alkaline permanganate is 
affected by a large number of substances, eg formic acid, alde- 
hyde and bwizaldehyde, phenols, glycerol, etc.) 

Unsaturated adds may be identified by investigating the pro- 
ducts of fusion with KOH, Melit a little potash crucible, and 
add half its weight of the add in small portion^ at a time. Heat 
tillactioh (effervescence) ceases, but do not char. Extract vdth 
water, and tost extract for adds. , 

Olde add gives palmitic and acetic adds. 

Cinnamic add ^ves.henzoic md acetic adds. 

NoTEt^The individual acids (saturated or an$ataiated]|^mUst be 
identified by appropriate tests. The preparation and analysis of the 
sUvef salt sometimes helps in the identification of the acid. 

Add aft/iyfridcs,--T^TeQ common ones are (liquid), 
hmmc^ phthcdic anhydrides. On boiling with NaOH the 
sodium salts of the corresponding acids are formed. For phthalic 
anhydride, see p. 133. 

B. Phenols.— These are mostly insoluble, or veiy sparingly 
soluble, in water (an exception »is pyrogalloT)y but readily soluble 
in NaOH. They have a characteristic phenolic odour. 

(Nom— In the following tests substituted phenols are also referred 
to. It should 1)0 borne in mind that esters of salicylic acid win still . 
possess phenolic properties.) ■ ' 

(x) Most phenols are set free from their concentrated solution 
in NaOH by CO*. They ^parate out either as oils (phenol, 
cresols, salicylic esters, chlor-phenols, etc.) or as w/f<& (resorcin, 
hydroquinone, amino-phenols, anisidin,* «- and / 3 -naphthol). 
Exertions are pyfogallol, nitro-phenols, picric acid, trichlor- 
phenol, cyano-phenols, etc. 

On dissolving in NaOH a ctumge in colour often ta|ps place j 
eg. with p*oitrophenol and picric add. , In some cases the sdlu- 
tioD darkens rapidly in the air (pyrogaflol, hydroguinpne). 

(a) Eerric chloride Green, blue, ^violk, or purple 

coloration. / * * • 

Thp' leactimi is very limited, the colqur bdng destroyed by 
traces of adds or alkali, {^'afcoHol, ether, many salts, etc.«(and 
by warming). JShtiral FeCVmdst ther^ore be added to tb^.pure, 
phenol In water (nof^ merely to a solution which may contain 
salts, etc.). ” ' 
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phenol, cresols (e7^lnescent), iKnitrophenol (red), 
r({Sorpn,;,orcin, salicylic ester, salicylic acid (stable towards acetic 
acid), hydroquinone (evanescent; qxidized to quiftone), pyro- 
gallol (reddish; turned purple by.Na acetate). 

. Np colour vdth o*nitrophenol, a- and / 3 *naphthol (precipitate 
of dinapbthol), picric acid, nitroscwphenol, etc. 

, (3) Prepare th6 Imzoyl derivative Ijy the Schotten-Baumann 
reaction (p. 121), and identify by melting point 

C. Aldehydes.— Test for by means of Schiff*s reagent (For- 
mic acid and ester do not respond to. this reaction, although they 
contain &e CHO group.) ■ 

Test s^cxdXiy iat foiinaldehyde (p. 30); acetaldehyde (p. 21); 
henzaldehyde (p. 118); and acrolein (smell; unsaturated; boiling 
point 52®), 

0, Ketones.'-Give condensation products with hydroxlamine 
and phenylhydrazine, but do not affect Schiffs reagent. Test 
specially for acetone (p. 36), acetophenone (p. 142), and bcnzopltettone, 

E. Quinonfi«.-“Crystalline solids, generally yellow in colour, 
and possessing a peculiar odour. 

Quinone,—Yt\\Q^y Pungent, nutty odour. Decolourized by 
SOj, givmg hydroquinone. * 

. Anl^agumone.-^Ytiio^ needles. Not decolourized by S 0 » 
No quinone odour. Oxanthranol test with zinc dust and NaOH 
■ (seepri34)» 

(irNapktkoqmnone,^Yt^Q^ crystals, Quinone odour. Melt- 
ing point 125®. Dissolved by alkalies and reprecipitated by 
adds. 

^iV3/^/%«/«<?«tf.“Orange*coloured crystals ^plates). Non- 
volatile ani^ no quinone odour. Decomposes at 115®-! 20®, with 
blackening. 

Phenanthreneqmnone. — Orange needles, mdting at 200®. Mix 
I c.a of, crude (pluene (cojptaining thiotolene) with 5 c,c, of a 
solution of 0*5 gm. phenantKrenequinone in xoo c.c. glacial acetic 
add. '-^Gool the mixture^- and on adding 4 c.c. of concentrated 
HjSOi, ^op by drop, keeping cold all the time, a blue-green 
colour is produced. Allow to stand for a few mj^]^, pour into 
water, and extract witfi ether; the ethereal solution iiJsploared an 
intense.i^ddish-violet. 
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F, Alcohola.— Indicated by die acdon of Na (H evolved) in 
the tests for elements (VIIL). 

(a) Pre^ire the acetic or salicjdic ester. Characteristic odours. 
(^) Prepare the benzoyl derivative and take ^eldng point or 
boiling point ® 

(f) Oxidize with chromic aoid mixture, and identify the alde- 
hyde or acid (from primary alcohols). '' 

Test specially for die following alcohols ; mgt/iy/, ethyl^ amyl^ 
benzyls Also special tests for glycerol (p. 6o). 

G* Estera.— These are indicated chiefly by the smell, which is 
not removed at once by KOH, but disappears on boiling for a 
short time (see VI.) 

Note,— S ome esters, eg-. glycolHc, glyceryl, and tartaric esters, 
have no smelL They are generally viscous liquids, or solids with low 
melting point. 

Most esters are insoluble, and the common ones are nearly all 
liquids; some few are solids, eg. methyl oxalate and tartrcete; 
phenyl benzoate and salicylate. % 

A moderate quantity (since distillation will liave to be carried ' 
out) is hydrolyzed by boiling under a reflux condenser with an 
excess ccaioentrated KOH (20 to 30 per cent.) until the ester 
disappears. «» Distil over about two-thirds of the liquid. 

{a) DistiUate. — Test for alcohol, as under F» Purify the 
alcohol by “ salting out ” and drying, with KsCO^. 

iP) Residue.' — If no alcohol is found in (<?), the ester was 
probably a phenyl one.i Separate the phenol with COa* Extract 
with ether. Test according to B, 

After separating the alcohol or phenol, the potassium salt of 
the acid is left (plus excess KOH or KaCO,). Add excess of 
dilute HflSOto and proceed as in A. 

Note. — Ethyl acetoacetate on hydrolysis with aqueous KOH 
yields alcohol, acetone, an acetate and a carbonate ; hydrolysis with 

^ It may also be a glyceryl ester of palmitic, stearic, oleic, or acetic 
add). The glycerol will lemdn in the distilling flask, unless the temperature 
has been rdsed very Ugh. Make the residue just add with sulphuric add, add 
alcdiol and excess of solid K,CO„ and shake. The alcohol is salted out and 
takes some ^ the glycerol with it. Separate alcoholic layer, and 
evaporate the alcohol on the water-bath. A syrupy residue of glycerol is 
left 
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sulphuric acid (i : 2) yields almost exclusively acetone, carbon dioxide, 
and alcohol The ester gives a violet coloration on shaking with 
ferric chloride. • • 

H. Carbofiydrates.— Xhese have been indicated by VII. 

Test specially for (i^caru: sugar (p. 70), lactose (p. 70), 

starch (p. 71), Icmilose^ maltose^ and deodrin. 

I. Ethers.--Have to be identified by boiling point. The 
decomposition with HI is troublesome. Ordinary ether is im- 
mediately identified by the smell 
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APPENDIX 

International Atomic Weights. 


Aluminium 


. Al 

0*16. 

27- 1 

r; 

Neodymium 



. Nd 

Ostia 

144*3 

Antimony . 


, Sb 

120*2 

Neon . , 



. Ne 

20*2 

Argon . . 


. A 

39*9 

Nickel . . 



. Ni 

58*68 

Arsenic. . 


. As 

74*96 

Nitrogen . 



. N 

14*01 

Barium 


. Ba 

*37*4 

208'0 

Osmium . 



. Os 

190*9 

Bismuth . 


. Bi 

O^gen 
Palladium . 



. 0 ' 

16*00 

Bormi . . 


. B 

i0'9 



. Pd 

106*7 

Bromine . 


. Br 

79*92 

Phosphorus 



. P 

3104 

Cadmium , 


. Cd 

II2'4 

Platinum . * 



. Pt 

195*2 

CsEsiom 


. Cs 

132*8 

Potassium . 



. K 

39*10 

Calcium . 


. Ca 

40’07 

Praseodymium 


. Pr 

140*9 

Carbon 


c 

12*00 

Radium . 



. Rd 

226*0 

Cerium . . 


. Ce 

140*25 

Rhodium . 



. Rh 

102*9 

Chlorine . 


. Cl 

35*46 

Rubidium . 



. Rb 

85-45 

Chromium . 


. Cr 

52*0 

Ruthenium 



. Ru 

101*7 

Cobalt . 


. Co 

58*97 

Samarium . 



. Sa 

150*4 

Columbium 


, Cb 

93*1 

Scandium . 



. Sc 

45.*! * 

Copper . . 
Erbium . 


. Cu 

63*57 

Selenium . 



. Se 

79*2 


. Er 

167*7 

Silicon . . 



. Si 

28*3 

Europium . 


. Eu 

IS* 

Silver . . 



• A g 

107*88 

Fluorine . 


. F 

19*0 

Sodium. . 



. Na 

33*00 

Gadolinium 

■e * 

. Gd 

157*3 

Strondum . 



. Sr 

87*63 

O^lliiinn , 


. Ga 

70*1 

Sulphur . 



. S 

32*06 

Germanium 


. Ge 

7**5 

Tantalum . 



. Ta 

i8i*5 

Glndnum . 


. G1 

9*1 

Tellurium . 



. Te 

127*5 

Gold . . 


. Au 

197*2 

Terbium . 



. Tb 

159*2 

HeUnm 


. He 

4*00 

Ihallium . 



. T1 

204*0 

Hydrogen . 


. H 

roo8 i 

*rhorium . 



. Th 

232*15 

Indium . . 


. In 

H4*S 

Thulium . 



. Tm 

168*5 

Iodine . • 


. I 

126*92 

Tin. . . 



. Sn 

118*7 

Iridium 


. Ir 

193*1 

Titanium . 



. Ti 

48*1 

Iron . . 


. Fe 

55*84 

Tungsten . 



. W 

I^’O 

Krypton . 

. f. 

. Kr' 

82*92 

Uranium . 



. U 

238*2 

lanthanum 


. La 

139*0 

Vanadium . 



. V 

51*0 

Lead . . 


. Pb 

207*2 

Xenon . . 



. Xe 

130*2* 

Lithium . 


♦ Li 

6*94 

YtterMum . 



. Yb 

173*5 

M^iestum 


• 

24*32 

Yttrium . 



. Yt 

89*33 

Manganese 


. Mn 

54*93 

Zinc . . 



. Zn 

65*37 

Mercury . 


• s® 

200*6 

Zirconium . 



. Zr 

90*6 

Molybdenum 


. Mo 

96*0 
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Tension op Aqueous Vapour for each Degree Centigrade 
FROM 0®, TO 30® C. 


Temp. C. 

^ Tensions 
in mm. of 
Mercury. 

Temp. C. 

Tension 

iiwnro.of 

Mercury. 

Tenq).C. 

Tension 
tn mm. of 
Mercury, 

Temp. C. 

Ten«on 
in mm. of 
Mercury. 

0*0 

I'O 

2*0 

3‘o 

4*0 

5'o 

6‘0 

70 

4-6 

4’9 

5*3 

6-1 

6*5 

7*0 
. 7*5 

*80 

100 

iro 

120 

13*0 

14 ’0 
15*0 

8-0 
8-6 
! -9.2 

9*8 

io‘5 

11*2 

II -9 

127 

l6*0 

III 

.190 

20*0 

si-o 

22*0 

23*0 

13*6 

M*5 

15*4 

16 '4 
17-4 
18*5 
197 
20*9 

24*0 

25 -0 
26’0 
27*0 
28*0 
29*0 
30*0 

22*2 

23*5 

25.0 

26*5 

28*1 

29*8 

31*6 

1 


Percentage of Absolute Alcohol, by Weight, corresponding to 
THE Specific Gravity taken at 6o® F., or 15*5® C. Water s= i. 


Per 
* Cent. 

Spedlic 

Gravity. 

Per 

Cent. 

Specific 

Gravity. 

Per 

CetX. 

Specific 

Gravity. 

Per 

Cent. 

Specific 

Gravity. 

0 


25 

0*9651 

SO 

0*9183 

75 

0*8605 

1 

0*9981 

26 

0*9637 

5* 

0*9160 

76 

0*8581 

.2 

0*9963 

27 

0*9622 

52 

0*9138 

n 

0*8557 

3 

0*9944 

28 

0*9607 

53 

0*9116 

7i 

0*8533 

4 

0*9928 

29 

0*9592 

54 

0*9094 

79 

0*8509 

5 

0*9912 

30 

0*9577 

55 

0*9072 

80 

0*8484 

0 

0*9896 

3» 

0*9560 

56 

0*9049 

81 

08459 

7 

0*9880 

32 

0*9544 

57 

0*9027 

82 

0*8435 

8 

0*9866 

33 

0*9526 

58 

0*9004 

83 

0*^ 

9 

0*9852 

34 

0*9508 

59 

0*8981 

84 

0*8385 

10 

0*9839 


0*9490 

60 

0*8958 

85 

0*8359 

II 

0*9826 

36 

0*9472 

61 

0*8935 

86 

0*8333 

12 

09813 


0*9453 

62 

0*8911 

87 

0*8307 

13 

0*9800 

38 

. 0*9433 

63 


. 88 

0*8282 

. ^4 

0*9788 

39 

0*9413 

64 

0*8865 

89 

0*8256 

*5 

0*9775 

40 

0*9394 

65 

0*8842 

90 

0*8229 

16 

0*9763 

41 

0*9374 

66 

0*8818 

91 

0*8203 

»7 

0*9751 

42 

0*9353 

57 

0*8795 

92 

0*8176 

18 

i 0*9739 • 

43 

0*9332 

68 

0*8772 

93 

0-8149 

19 

1 0*9727 

44 

0*9311 

69 

0*8748 

94 

0'Sl22 

20 

0*9714 


0*9291 

70 

0*8724 

95 

0*8094 

21 

0*9702 

46 

0*92^ 

71 


96 

0*8065 

22 

0*9690 

47 

i 0*9249 

72 

0*8676 

97 

0*8036 

, 23 

0*9677 

48 

0*9227 

73 

0*8652 

98 

o‘8oo6 

24 

0*9664 

49. 

09204 

74 

0*8629 

99 

0*7976 

25 

0*9651 

50 

0*9183 

75 

0*8605 

100 

0*7946 
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Table of MELTiifC Poum and Boilins Points.' 



D 

QQII 

0 

M,Pt. 

B.Pt. 

IlydrccarbonSu 



*. 

Ketones and Quinones — 



i-AmvieDe * « . 


21 

' contd. , 



Benzene . . . 


5 

80 

Benzoin .... 

* 3 ? 


Tokeoe . . . 



no 

Benzoquinoiie . . . 

it6 


Ethylbenzene; . , 



136 

«*Napbthoqainone 

125 


Coisene . . . 



I 53 > 

Anthraquinone . . 

285 

382 

oXylene . * . 



142 

Pbenanthnmeqninone 

200 







15 

139 

Acids, 



Cymene . . . 



*75 

Formic .... 

,9 

lot 

Mesitylene . . 



164 

Acetic 

17 

iiS 

Nsphthalene . . 


8o 

218 

Propionic .... 


140 

Anthracene . . 


217 

35 * 

n*6utyric .... 


'63 

Fhenanthrene . . 


99 

340 

i-Butyric .... 


*55 




i- Valeric .... 


'74 

Alcohols, 



Palmitic .... 

62 


Methyl .... 


66 

Stearic 

69 


Ethyl 


78 

Acrylic .... 

7 

(40 

n-Propyl .... 


97 

Olac ..... 

14 


i* II . T 1 ■ ■ 


83 

Cbloracetic . . . 

62 

186 

n<Btityl .... 


"I 

Dichloracetic . . . 


190 

i. „ .... 


too 

Tridiloracetic . . . 

52 

'95 

i'Amyl 


13* 

Bromacetic . . . 

S^> 

208 

Allyl 


96 

Aminoacedc . . . 

232 


Glycol .... 


197 

Oxalic (hydrated) . . 

lOI 


Glycerol .... 


290 

,1 (anhydrous) . 

1 1S9 


Benzyl 


206 

Malonic .... 

132 





Saccinic .... 

185 


Aldehydes, 



Glycollic .... 

80 


Foraialdehyde . . 


-21 

Lactic 

18 


Trihydroxj^ethylene 

171 


Tartaric .... 

167 


AceWdehyde , . . 


21 

Citric 

*47 


l^toaWehyde . , . 


124 

Benzoic .... 

I 2 I 

250 

Acroldn . . . \ 


5 ^ 

P'Bromobentoic ^ . . 

asf 


Chloral 


97 

o*HydroxybcDzoic . 

'55 


Chloral hydrate . . 

57 

96 

m* ,t ’* • 

200 


BenzaMehyde . . . 


179 

P- u 

210 


CmaaoaicAIdehjtie . 


247 

o-ToI«ic 

102 1 


SaUcylic Aldehyde . 


196 

Bl' ,1 .... 

tIO 1 

263 '. 

Anisic ,» 


2^ 

P- 

'79 

275 

Vanillin .... 

80 


O'Nitrobenzoic . . 

'47 


Kdones a/td Quistones, 

1 

j 


m- „ ... 

P- ,, . a . 

238 


Acetone . , . 


56 

o-AmJnobeaaoic . . 

*45 


Aoetof^enone . . . 

20 

202 

m* 1, ... 

*Z 3 


Batto^dienone . . 

46 


P“ ... « • ■ 

i »5 


fienzU 

1 

95 

347 

Oallrc 

220 



' The tenperatiires giTco to the near«st wliole nomber of defrees. 
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contd. 

Tannic . . . 
Cmnamlc . * . 

Phthalic . . . 

Hippnric . > . 
Benzene sulphonioi 
a-Naphthaiene sulpho- 
nic . . . 

iS- „ , „ 
Salphanilic . 


Acid Anhydrides. 
Acetic . . * 
Succiiyc . . 

Reniojc . . 

Phthalic . . 

Add Chlorides. 

Acetyl . . . 

Benzoyl ► . 

phenols. 

Phenol . . 

Quinol . . 

kesorcinol . 

‘ Catechol • 
Pyrogallol , 

Orcinol (crj-st.) . 

„ (anhydrous) 
O'Nitrophenol 
p- )) 

1-2.4, Dinitrophcnol 
1.2.6 » 

p.Aminophenol 

o-Crcsol 


Picrl^acid 
Thymol 
Carvacrol 
«*Naphthol 

* Esters and Hydrolysahle 
Halogen Compottnds. 
Methyl iodide , . 

cyanid# . 
formate . 
acetate . 
bromacetate 
chloracetate 
propionate 
butyrate . 
oxalate . 


300 


169 

iiS 

104 

132 

56 

toy 

45 

114 

64 

184 

3* 

4 

36 

122 

44 

0 

95 

122 


214 


M.Pt. B.Pt. 


EsUff and Hydr&lysCdtU 
dialog Cmpannds 
— contd. 

Methyl tartrate « 

„ benzoate . 

„ salicylate . 

Ethyl iodide . . 

,, bromide 
„ nitrate . • 

„ chlorcarbonate 
,, formate . . 

,, acetate . . 

„ acetoacetate 
,, cbloraoetate 
„ bromacetate 
„ propionate . 

„ butyrate 
,, valerate. . 

,, oxalate . • 

,, malonate > 

,, succinate . 

,, benzoate . 

„ sadicylate . 
tt-Propyl dhloride 
„ bromide 
,, iodide . 

„ acetate . 

„ benzoate 
n-Butyl chloride , 

t* j> » • 

i* ' 

n- , bromide . 


iodide 


i- ,, acetate . 
i- „ valerate . 
i-Amyl chloride . 

„ bromide . 

„ iodide * . 

„ nitrate . 

,, nitrite 

„ formate . 

,, acetate . 

benzoate . 

„ salicylate . 

AUyl bromide . . 

,, isothiocyaaate 
Glyceryl triacetate 
„ tripalmitate 

„ tristearate 

,, trioleate . 


199 

224 

94 

54 

77 

181 

143 

*59 

99 

121 


198 

216 

213 

227 

44 

7 * 

102 
loi 
229 

77 

II 

too 

72 

92 

*30 

103 
120 
116 
169 
100 
120 
148 

96 

123 

z 

270 

71 

*5* 

258 
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U.Pu 

B.Pt. 


M.Pt. 

B.Pt. 

Esters and Hydrojysabk 



.( 5 Ar«— contd. 



Halogen Compmmds 



p-Tolnidine , . . 
a-Na^thylamine . 

45 

198 

— ^Qtd. 

Phenyl acetate . . 

69 

195 

50 

112 

300 

291 

„ bencoate . . 

3 H 

, 1.3.4. XyHdrae . . 


215 

„ saUcylate . . 

43 


Benzidine . « . . 

122 


„ cyanide . . 

191 

Diphenylamine . . 

54 

3*0 

„ isothiocyanate 


222 

Methylaniline . . 

192 

Benzyl chloride . . 


178 

Ethy^niline , . . 


206 

,, acetate . . 


106 

Benzylaotline . . . 

33 

298 

„ benzoate . . 

20 

323 

Piperidine .... 

*05 

,, cyanide , . 

Methylene chloride . 
Chloroform . . . 


232 

Coniine .... 


166 


41 

61 

Phenylhydrazine . . 

Methyl aiphenylamiDe 

23 

241 

292 

Bromoform . . . 

8 

15 * 

Dimethyl o-toluidine . 


*83 

Iodoform .... 

120 

P- t. • 


208 

Carbon t^cbloride . 


76 

Dimetbykniline . . 

0 

192 

EtbylWene dJoride . 


58 

Diethylaniline . . 


213 

Ethylene dichloiide . 

8 

84 

p-Nitrosodimethylani- 

ss 


„ dibromide . 

* 3 * 

line . . , . . 


Ben^ chloride . . 


204 

p-Nitrosodiethylaiii line 
Pyridine .... 

84 

ti6 

Ethers, 



Quinoline .... 


239 

Diethyl ether . . . 

Anisol 


35 

Nicotine .... 


247 


*54 

Quinine .... 

*73 


Fhenetol .... 


17a 

Cinchonine . . . 

255 


Carhhydraies, 



Morphine . . . . 
Strychnine . . . 

247 

269 

178 

L 

Dextrose .... 

86 

! 

Brucine . . . . 

! 

Galactose .... 

160 


Caffeine .... 

' 234 


Laevnlose . v . . 

95 


Theobromine . . . 

subl. 


Snciose , . . . ! 
Lactose , . . . 1 

160 

205 


Amides and Anilides. 



Maltose . . . . { 


Forcnamide . . . 


192 

Dextrin . . . . j 



Acetamide . . . 

82 

222 

Starch . . , , . 



Urea 

*32 


Cellulose .... 



Thionrea .... 

169 


Bases, 



Benzamide . . , 

128 

288 



Salicylamide . . . 

*38 


Melhylamine . . . 


-6 

FormaniUde . . . 

46 

284 

Trimethylamioe . . 

« 

4 

Acetanilide , . . 

JI 2 

304 

Benzylaniine . «. . 


187 

Benzanilide . . . 

*63 

Aniline .... 

•■ o*NitraniUne . . . 

7 * 

184 

Thiocarbanillde . . 

* 5 * 


m- ... 

U 4 i 


Ato Compounds, 



p* » ... 

O'Chloraniline . . 

147 


Azobenzene . . . 

68 

293 


207 

Diazoaminobenzede . 

98 

m- „ ... 

1 

230 

Aminoazobenzene 

126 


p- „ . . . 

o*Bromaniline . . 

70 i 
31 i 

230 

229 

Ring Substituted Ben> 



m- 

18 

251 

senes, 1 



P^^ ' ,, ... 

63 


Chlorbenzene , . . ; 


132 

thl^ttidme . . . ^ 


197 

Brombenzene . > • 1 


*55 

in- „ • ' * 


199 

lodobenzene . . . , 


188 







Melting Points and Boiling Points. Reagents 233 



M.Pt. 

B.Pt, 


M.Pt 

B.Pt 

Rm^Subsiiluiid Bmunes 
— contd. 

^Dibrombenzdhe 
Nitrobenzene . . . 

89 

219 

Rin^SndsftMal Bensdics 
—contd. 

o-Nitrotolueoe , . 

10 

2 J 8 

4' 

209 

nt- * ,t . . 

16 

230 

m-DinitrobeMene 

90 

303 

, P- 1. 

54 

230 

o*Chlomitrobenzene . 
m- „ 

P- 

O'BrotrmiErobenzene . 

32 

44 

83 

41 ' 

56 

243 

236 

242 

Suhtitufed Naphthalene 
Derivatives. 
a-Chlornaphlhalene . 
/*• „ . ! 
a-Bromnaphthalene . 

56 

263 

265 

p- 

O'ChloTtoluene . . ; 

126 


5 

279 


156 


59 

282 

p. „ . . 

7 1 

163 

a-Nitronaphtbalene . 

61 

304 

o-Bronq^oluene , . 

P- 

28 : 

181 

184 

IS- M 

79 



REAGENTS. 

The following special reagents are required, in addition to 
Ihose ordinarily used in qualitative inorganic chemistry. 

Ferric Chloride. — 54 grams of the crystallized salt to i litre. 
The solution should be made as nearly neutral as possible. This 
may be done in two ways : (i) Add dilute ammonium hydroxide 
until a precipitate just begins to form ; (2) saturate miYi freshly 
precipitated and well-washed ferric hydroxide. 

Pehliag’s Solution.— (i) Dissolve 69-28 grams of pure 
copper sulphate in water, and make up to i litre j if the soludon 
is not clear, add a few drops of sulphuric acid. 

(2) Dissolve 350 grams of Rochelle salt (potassium sodium 
tartrate) and 100 grams of caustic soda in water, and make up to 
1 litre. • 

• For usCi equal volumes of (i) and (2) are mixed immediately 
before making a test In qualitative work the Volumes need only 
be approximate. 

Solution *of Iodine In Potassium Iodide.— 5 grams 
iodine and 10 grams potassium iodide in 250 c,c. 

Solution of Iodine in Ammonium Iodide.— 5 grams 
iodine and 10 grams ammonium iodide in 100 c.c. 

Barfoed’s Solution.— 10 grams copper acetate and 2 c,c. 
glacial acetic acid in ioq c.c. 
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jbtagsima Acetate £tolntIoa.-ioo grams potassium 

Solutioa^ of Resorcin in Strong Sulphuric Acid— » 
grams of resorcm in loo c.c. concentrated sulphuric acid (dissolve 
in the cold). ' * * 

Sodium l^itroprusside Solution.*— Make as nqu 'red by 
dissolving a few crystals in a littfe water. « 

Scliifirs Reagent.— To a dilute solution of fuchsine (rosani- 
line hydrochloride) add sulphurous acid until the colour just 
disappears. 

Oxidizing MixtUFe.— Dissolve lo grams of sodium (or 
potassium) bichromate in loo c.c. of 1:3 (by volume) sulphuric 
acid. ' 


REAGSNTS FOE ALKALOIDS. 

Iodine in Potassium Iodide.— 10 grams iodine and 15 
grams potassium iodide in 1 litre. 

Potassium Mercury Iodide (Mayer’s Reagent).— 13*5 
grams raereuric chloride and 49*8 grams potassium iodide per 
litre. 

Phosphomolybdic Acid.— 10 grams of phosphomolybdic 
acid in roo c.c. of nitric acid (1:3 by volume); filter if 
necessary, 

Erdmanii’B Reagent.— 6 drops of concentrated nitric acid, 
Dj i’25, are mixed with 100 c.c. of water, and 10 drops of this 
solution are added to so c.c. of strong sulphuric acid. 

Frdhde’s Reagent— i gram of ammonium molybdate in 
100 C.C. of concentrated sulphuric acid. (A small quantity of this 
reagent should be made fresh each time it is required.) 

Mandelin’s Raiment.— 1 gram of ammonium vanadate in 
100 c.c. of concentrated sulphuric acid. (Instead of ammonium 
vanadate, vanadium chloride or oxide may be used.) 
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Acetaldehyde, preparation, 33 

, tests, 21 

Acetamide, preparation, 44 

, hyckolysis, 45 

Acetanilide, preparation, 94 

, hydrolysis, 95 

Acetic add, tests, 19 
Aoetwje, tests, 36 
Acetonitrile, preparation, 45 

, reduction, 46 

Acetophenone, preparation, 141 
Acetophenoncoxime, preparation, 142 
Acetoxime, preparation, 36 

, hydrolysis, 37 

.Acetylation, 28, 94 
Acid ijeiction, causes of, 75 
Acids, identification of, 223 
Alcohol from methylated spirit, 1 5 

, determination in fermented 

liquor, 229 

, specific gravity table, 229 

, tests, 22 

Alks^ne reaction, causes of, 76 
Alkaloids, 201 

>, table of reactions, 2 10 

Allyl alcohol, preparation, 5S 
, tests, 60 

Amido radicle, estimation, 19$ 
Amines, distinction between primary, 
secondary, and tertiary, 122, 219 
Amino radicle, estimation, 193 
Aminoazobenzene, preparation, 137 
^-Aminobenzene sulphonic acid, pre- 
paration, 96 

— - — , tests, 97 

p*Aminodimethy]^iline, 138 
- — , and tests, 150 
Amylum, tests, 71 
Aniline, preparation, 92 
tests, 93 

Anisol, prefwation, 1 2$ 

Andiraoenc^ tests, 134 
Anthraquinoac, preparation, 135 
, test, 134 


Appendix, 228 

Aqueous vapour tendon, table, 229 
Arnold’s potash bulb, 157 
Atomic weights table, 228 


B 

Barfoed’s solution, 233 
Barium salt method of molecular a 
weight determination, 174 
Beckmann rearrangement, 142 

thermometer, 186 

Beilstein's test for halogens, 9 
Benzaldehyde, tests, ix8 
Benzamide, preparation, I [9 

, hydrolysis, 120 

Benzanilide, preparatiq(f,>l2l ‘ 
Benzene, preparation aniline, 

107 

, tests, 108 ’ ^ 

, purification by fractional dis- 
tillation, 86 

Benzenediazonium sulphate, prepara- 
tion, loi 

Benzil, preparation, 139 
Benzilic acid, preparation, 140 
Benzoic acid, preparation, 115, 146 

, tests, 1 16 

Benzoin, preparation, 139 

o-Benzotoluide, 121 

Benzoyl chloride, preparation, I18 

, hydroj^is, 119 

Benzyl acetate, 116 

alcohol, preparation, 115 

benzoate, 1 16 

chloride, preparation, I14 

iodide, 115 

Bismarck brown, 92 
Biuret reaction, 62 
Boiling point, determination, 3 
— - — method, for molecular 
weight, 188 

— , table, 930 

Brombenzene, preparation, ri2 
O'Bromtoluene, preparation, 105 
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Bnicinc, tests, 207 
Buchner funnel, ii‘ 


Caffeine, tests, 209 
Gane sugar, tests, 69 

oxidation of, 49 
Carbamide, preparation, 60 
t^ls, 01 

Carbolic acid, preparation, 106 

, tests. 107 

Larbon, estimation, icc 
Carbon, tests, 7 
Carbylamine reaction, 38, 122 
Cuius method for determination of 
s'llphur, and phosphorus, 

Chloracrtic acid, preparation, 42 
acids, tests, 43 
Chloml hjrdrate, tests, 39 
V?i preparation, 104 

Chloroform, prepmtion, 37 
tests, 38 

Cincnomne, tests, 206 
Cinnamic acid, preparation, 145 
Citnc aad, tests, 52 
CtOTbustion, estimation of carbon and 
hydrogen, 155 

of nitrogen, 162 

Coniine, tests, 203 
Corks, ro 

Cuprous chloride, preparation of 
solution, 104 . 


Detection of carbon and hydrogen in 
an organic compound, 7 
’ of a halogen element in an 
organic compound, 9 

of hydroxyl groups in an oreanic 

compound, 28, 121 

of nitrogen in an organic com* 
pound, 8 • ^ 

- of phosphorus in an organic 
compound, 10 

' of sulpW in an organic com- 
pound, 9 

Determination of alcohol in fermented 
liquor, 16 

, amido radicle, 198 

, amino radic!^ 193 

) boiling point, 3 

. - — , elements, carbon, and bydro- 
g«n, IS5 ^ 

* — » ~-*, halogens, 170 
nitrogen, 162 


Determination of elements, phos- 
phorus, 171 

■ , sulphur, 171 

'i » hydroxyl radicle f92 

, melting point, i 

, meihoxyl and elhoxyl radicle, 

* 94 ,. . * 

• ', nitrile radicle, 197 

•» J»ole<mlar weight, Crfoscopic 

method, 183 • . 

* *■”“» Dumas’ method, r77 

thidTiis—’ 

* V. Mger’s method, 
179 ’ 

;» — : — of an acid, barium 
salt method, 174 

■“ rTZ sil^ salt 

method, 173 

specific gravity, 5 
Dextrose, tests, 68 
Diazo re^lioD, 94,97, loo, 122, etc. 
^moammobensene, preparation, 136 
Diazonium salbi, * >* • 

Dibenzdyl, preparation, 139 
Dichloracetic acid, tests, 43 
Diethylether, preparation, 24 
— ; — , purification, 147 
Diethyl oxalate, preparation, <4 
— » hydrolysis, 56 
Dimethylamine, 139 
Dimethyl oxalate, preparation, 56" 
m-Dimtrobenzene) preparation, gi 

i reduction, 95 

^^P^^ylglycoUic acid, preparation, 

Diphenyinitrosamine, 123 
Diphenylthiourea, preparation, 98 
Distillation, 3, 16, etc. 

— ", fractional, 86 

, under reduced oressure, 88 , 

Drying agents, 13 ‘ 

Dumas’ method for estimation of 
nitrogen,. 162 

vapour density^ethod, 177 

Erdmarm’s reagent, 202, 234 
^ters, identification of, 226 
Ether, diethyl, preparation, 24 

, purification of, 147 ' 

—^methyl phenyl, preparation. 
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EthermcaiiOD oi aiconol, mechanism 
of, 3$ 

Ethyl acetate? preparation, a6 

— — , hrarolysis, 27 ^ * 

alcohol from methylated spirit, 

*5 » 

, teste, 22 • 

benzoate, prepuation, 123 

— — quantitative saponfication, ‘ 
192 

bromide, preparation, 30 

iodide, preparation, 29 . 

, hydrolysis, 30 

oxalate, preparation, 54 

— , hydrolvsis, 56 

potassium sulphate, preparation, 

23 

1. j hydrolysis, 24 

Ethylbenzene, preparation, 

Ethylene, prepwation, 31 
-T — , tests, 33 * 

dibromide, preparation, 31 

Extraction with ether, I2 


Fehlin^'s solution, 52, 233 
Filtration, 11 

y under redoced pressure, 1 1 

Fischer and Speicr, method of esteri- 
fication, 123 _ 

Fittig’s s^lhesis, 144 
Fluorescein, 134 
Formaldehyde, teste, 20 
Formalin, 20 
Formic acid, tests, 17 

, preparation, 57 

Fractional distillation, 86 
> under reduced pressure, 

87 

Fractionating columns, 86 
Fiiedel and Crafts’ reaction, 141 
Frohde’s reagent, 262, 234 


fl 

Halc^en^ detection of, 9 

, estimation, 171^ 

Helianthine, preparation, 149 
, reduction of, 150 
Hofmann's mustard oil reaction, 122 
Hydrocarbons, detection of, 222 
Hydrocyanic acid, tests, 63 
Hydroferricyanic acid, tests, 66 
Hydroferrocyanic acid, tests, 65 
Hydrc^en, detection of, 7 

, estimation, 155 

Hydroxyl radicle, detection of, 28, 
121 

, determination of, 192 

Hydroxylamitie, 36 

I 

Identification scheme, 211 

, for Stage I., 73 

Indophenin test, 88 
Invert sugar, 70 
lodobenzene, preparation, 103 
Iodoform, tes^ 39 

, reaction, 22 

Isatine, 89 

Isonitrile reaction, 38, 122 


K 

Kjeldahl method forest) mating nitro- 
gen, 168 


L 


Lactose, tests, 70 

Landsb^ger and Walker, ebulho- 
scopic apparatus, 188 
Laoth’s violet, 137 
Leuco malachite green, preparation, 

Lie^ermann’s nitroso reaction, 107, 
123 


G 

4 . 

Gattermann’s reaction, lOS 
Geissler’s potash bulbs, 157 
Glucosaione, preparation, 69 
Glucose, tests, 68 
Glycerol, tests, 60 
Grape sogv, tests, 68 ^ 
Gti^rd’s reagent, 146 


M 

Malachite green, preparation, 151 
Maltose, tests, 71 
Maadelin’s reagent, 202, 234 
Marsh gas, preparation, 14 

1 properties, 1$^ 

Melting point detenninadon, I 

-table, 230 

Methane, preparation, 14 
, pro^tics, 15 
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Methoxyl gro^, dc^rmination, 194 
Methyl alc^oJ, tests, 21 

, orange, prq^radon, 149 

, y reo^ctigp, 150 

oxalate, {Meparatioo, ^6 

phenyl ether, preparation, |2S 

aalicykte, 22, 11 7 

— -> thiophoie m commercial ben- 
zene, S 3 ' 

Methylamine hydro<^oride, prepara-' 
tion,4!6 
— tests, 48 

Methylated spirit, porificalion of, 15 
Methylene blue test, 1^9, 150 
Michler*s Icetone, 151 
Milk s^gar, test^ 70 
Molecular wei^t determination, 
chemical methods, J75 

, physi^ methods, 

177 

Monocbloracetic add, preparation, 

• 4 ^ 

, tests, 43 

Mono^eoyl thioorea, 99 
Morphine, tests, 204 
Mturexide reaction, 199, 209 
Mustard oil reaction, 122 

N 

Naphthalene, tests, 129 

oxidation, 129, 132 

^-Naphthalene sulphonic add, pre- 
paration, 129 

8-Naphihol, prefiaration, 131 
8-Naphtbyl acetate, 132 

benzoate, 132 

m-Nitraniline, preparation, 95 
Nitration, 90 * 

Nitrile group, determination of, 197 
Nitri^, hydrolysis to amides, i to 
Nitrobenzene, preparation, 90 

, reduction, 92 . 

Nitrogen, detection of, S 
— — ^ estimation, 162 
o-Nitrophenol, preparation, 125 

P* » preparation, 125 

Nitroso reaction, Liebermann’s, 107, 
J 23 

p-Ni trosod imethylanili ne, prepara- 
tion, 13$ 

p-Nitrosopbenol, 139 
O 

Oil pf wintergrecn, 22, 117 

Oldc acid, tests, 40 

Oxdic acid, preparation and test% 49 

Oxaniide, prepanttion and hydrolyds, / 

5 ^ , ' 


^Palmitic acid, tests, 40* 
Paraformaldehyde, 20 
Perkin’s synthesis, 145 
modhScation of Zeisel apparatus, 

Phenanthrcnequittone, ^ # 

Phenol, .preparation, io6 

- — , tests, 107 

Phenols, identification of, 224 

Phenftlphthaldn, 134 

Phenyl benzoate, preparation, 12a 

- — isocyanate, 99 

isothiocyanate, pr^^radon, 98 

methyl ether, preparation, 128 

mustard oil, preparation, 98 

Phenylthiocarbimide, pr^jaration, 98 
p-Phenylenediamine, 137 
Phosphorus, detection of, 10 

, estimation of, 171 

o-Phtbalic add, preparation, 132 

anhydride, preparation, 133 

acid, preparation, m 

cric acid, preparation, 127 

— , tests, 128 

Piperidine, tests, 202 
Piperine, tests, 208 
Potasaum cyanate, 61 

ethyl sulphate, prepmtion, 23 

, hydrolj^ 24 

Prussian blue test for cyanides, 8, 64 
Prussic add, tests, 63 
Pyknometer, 6 
Pyridine, tests, 199 


Q 

Quantitative detetminaUon of de- 
ments, carbon and hydrogen, 155 

, halc^ens, 170 

nitrogen, 162 

j jdaoqdMrus, 

171 

; ^ sulphur, 171 ^ 

saponification of ethyl benzoate, 

192 

Quinine, teats, 20$ 

Quinoline, preparation, 153 

, test^ 200 

Quinone oxime, 139 
Quinones identifiatii» of, 225 


\ R 

Res^ents, 233 
Recrystallizaiion, 11 
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Keduetton with ammoniam sulphide, 

• 95 ‘ 

‘ ^ tin and hydrochloric acid,* 

= 93 

* 0 


; Saccharose, tests, 69 
Salii^Uc acid, tests, 117 
Salting put, 10, Ah 4$, 93, etc* 
Sandmeyer’s reaction, 104, 109 
f SaponificaUon, quantitative, 192 
ckf beef suet, 40 

Scheme for identification of an organic 
compound, 211 

^ , Stage I., 

'73 

Schiffs reagen^ 20, 234 
; Scbptten»Baumann reaction, i 4 o 
Separating funnel, 12 
'.Silver salt method of molecular 
p wdght determination, 173 
j' Siwoloboff’s boiling point apparatus, 4 
Skraup’s synthesis, 1 53 , 

.Soda-lime, 14 

^Sodium ^naphthalene sulphonate, 
preparation, 130 
- — nitroprusside, 9, 234 

stearate, 40 

Specific gravity, determination, 5 

— of alcohol, table, 229 

. Starch, tests, 71 
; .Steam distillation, 57 
' Stearic ^cid, preparation, 40 
Strychnine, tests, 207 
Sublimation, 115 
' i^cdpic acid, tests, 53 
-iSticrose, test^ 69 
Solpbanilic acid, preparation, 96 

— ^ , tests, 97 

Sulpbocarbanilide, preparation, 9S 
Sulphonation, 96, 129 
Sulphur, detection of, 9 
estimation of, 17 1 


■ T 

Tartaric acid, jtests, 90 
Tension of aqueous •Vapour, table, 
229 

Terephthalic adQ, preparation, 1 1 1 
Tests for the elements, 7 
Theine, tests, 209 
^wbromine, tests, 209 
'ihiele*s melting-point apparatus, 3 
Thiocarbanilide, preparation, 97 
Thiophene, removal from benzene, 
. . 

p-Toluic acid, preparation, 110 
p-Toluyl nitrile, preparation, 109 
frichloracetic acid, tests, 43 
Trioicthylamine, tests, 48 
Trinitrophenol, preparation, 127 
tests, 128 

Triqxy methylene, 20 
Triphenyl guanidine, 98 


U 

Unsaturated acids, identification of, 
223 

Urea, preparation, 60 

• , tests, 61 

Uric acid, tests, 199 


V* 

Vacuum distillation, 89 
Vapour density, determination, 177 
Victor Meyer’s vapour density method, 
179 


Z 

Zei-sel apparatus,* Perkin’s modifica- 
tion, 19S 


THE END 







